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ABSTRACT
GENETIC AND QUANTITATIVE VARIATION 
IN WILD SOYBEAN ( GLYCINE SOJA) POPULATIONS
BY
YUEH-CHIN CHIANG 
U n iv e rs ity  o f  New Hampshire, December 1985
G ly c in e  so.ja seeds c o l le c te d  from South Korea and Japan were 
s tu d ie d  fo r  t h e i r  g e n e tic  s t ru c tu re  and q u a n t i ta t iv e  v a r ia t io n .
Seventy two _G. so.ja seed access ions were examined fo r  g e n e tic  v a r ia t io n  
by g e l e le c tro p h o re s is .  Based on a t o t a l  o f  43 lo c i  o f  15 enzymes and 
one p r o te in ,  an average o f  67.4% polym orphism  ( a t  99% le v e l)  was 
observed. The expected h e te ro z y g o s ity  is  0 .160 , and th e  number o f 
a l le le s  per lo cu s  is  2 .1 4 . G ene tic  p u r i t y  o f  these seed access ions 
are ve ry  h ig h .
The fo u r  n a tu ra l £ .  so.ja p o p u la tio n s  c o l le c te d  a long  the  K ita ka m i 
r iv e r ,  Japan, showed 38.1% po lym orph ic  l o c i ,  and the  average number o f  
a l le le s  per lo cu s  is  1 .5 5 . T h e ir  o v e r a l l  expected h e te ro z y g o s ity  is
0 .114 which is  much h ig h e r  than the  average- observed h e te ro z y g o s ity  
( 0 . 0 23 ) .  19.8% o f  gene d iv e r s i t y  o f  th e  fo u r  n a tu ra l p o p u la tio n s
re s id e s  among p o p u la tio n s  and 81.2% w ith in  p o p u la tio n s . The GST va lue  
c a lc u la te d  from  isozyme and p ro te in  v a r ia t io n  in d ic a te s  th a t  the  fo u r  
lo c a l p o p u la tio n s  are w e ll d i f f e r e n t ia t e d  is o e n z y m a t ic a l ly . The average 
N e i ' s  g e n e tic  d is ta n c e  between each p a ir  o f  these fo u r  p o p u la tio n s  is
0 .044 .
Four enzyme lo c i ,  Ajo, Ti_, Lap l and Pqd2, be long to  L inkage Group 9 
o f  soybeans. The gene o rd e r o f  the  fo u r  lo c i  is  A p-T i- L a p l- Pqd2, and 
the  re co m b in a tio n  frequency between each p a ir  o f  lo c i  A p -T i is  
9.41% + 1.07%, Ap-Lap l 22.65% + 0.73%, Ap-Pqd2 39.78% + 0.98%, T i - Lap l 
17.96% + 1.33%, T i - Pqd2 36.85% + 1.39%, and L a p l- Pqd2 20.62% +_ 0.99%. 
Another gene p a i r ,  P q i l - Pqd2, is  l in k e d  w ith  a re co m b in a tio n  frequency 
o f  15.34% + 0.74%.
x i i i
Twelve G. so.ja a ccess ions  were s e le c te d  based on t h e i r  l a t i t u d in a l  
lo c a t io n s  to  s tudy  t h e i r  g e n e tic  and q u a n t i ta t iv e  v a r ia t io n s .  The 
measure o f  q u a n t i ta t iv e  v a r ia t io n  c o n s is te s  o f  m o rp h o lo g ic a l, agronom ic, 
and p h e n o lo g ic a l t r a i t s .  These 12 seed access ions  a re  s ig n i f ic a n t l y  
d i f f e r e n t  from  one ano the r in  most o f  th e  q u a n t i ta t iv e  t r a i t s  measured. 
The p r in c ip a l  component a n a ly s is  shows about 60% o f  th e  p h e n o lo g ic a l 
v a r ia t io n  and about 43% o f  th e  agronom ic v a r ia t io n  among these 12 
G. so.ja seed access ions a re  h ig h ly  a s s o c ia te d  w ith  t h e i r  la t i t u d in a l  
lo c a t io n s .  Among th re e  re p ro d u c t io n  components o n ly  th e  number o f  pods 
per p la n t  is  p o s i t iv e ly  c o r re la te d  w ith  th e  t o t a l  y ie ld  per p la n t .  The 
average number o f  nodu les per p la n t  is  p o s i t iv e ly  c o r re la te d  w ith  the  
p e rce n t o f  3-seed pods and 4-seed pods. The congruence o f  p o p u la tio n  
d i f f e r e n t ia t io n  based.on g e n e tic  ( p ro te in )  and q u a n t i ta t iv e  v a r ia t io n s  
o f  these 12 seed access ions  is  low .
I. INTRODUCTION
G e n e t i c  d i v e r s i t y  i s  e s s e n t i a l  t o  s u c c e s s  i n  c u l t i v a r  
d e v e l o p m e n t  f o r  h i g h  y i e l d ,  w i d e  a d a p t a t i o n ,  d e s i r a b l e  
q u a l i t y ,  and p e s t  and  d i s e a s e  r e s i s t a n c e .  The n a t u r a l l y  
e x i s t i n g  w i l d  p r o g e n i t o r s  o f  c r o p  p l a n t s  a r e  one  p o t e n t i a l
s o u r c e  o f  s u c h  d i v e r s i t y  ( H a r l a n ,  1 9 7 6 ) .  An e f f i c i e n t  and
c o m p l e t e  c o l l e c t i o n ,  e v a l u a t i o n  and use  o f  t h e s e  w i l d  
g e r m p l a s m s  w o u l d  be g r e a t l y  e n h a n c e d  by i n f o r m a t i o n  s u c h  as 
t h e  a m o u n t s  o f  g e n e t i c  v a r i a t i o n  t h a t  e x i s t s  i n . t h e s e  w i l d  
r e l a t i v e s ,  how t h e  v a r i a t i o n  i s  a p p o r t i o n e d  w i t h i n  and 
b e t w e e n  p o p u l a t i o n s ,  and w h e t h e r  t h e  v a r i a b i l i t y  p a t t e r n s  
a r e  r a n d o m .  W i t h  g e l  e l e c t r o p h o r e s i s  and b i o c h e m i c a l  
s t a i n i n g ,  e nz ym es  —  t h e  gene  p r o d u c t s  —  can  be d i r e c t l y  
s e p a r a t e d  and v i s u a l i z e d .  E l e c t r o p h o r e t i c  s u r v e y s  have  
h e n c e  been  s u g g e s t e d  as t h e  m o s t  c o n v e n i e n t  mode f o r  
a s s e s s i n g  g e n e t i c  v a r i a t i o n  f o r  w i l d  g e n e t i c  r e s o u r c e s  
( B r o w n ,  1 9 7 8 ) ,  and  h a v e  r e c e n t l y  been  made i n  L y c o p e r s i c o n  
p i m p i n e l l i f o l i u m  ( R i c k  e_t al_. , 1 9 7 7 ) ,  Ho rdeum s p o n t a n e u m  
( B r o w n  e_t a_ l. , 1 9 7 8 ;  Nevo et_ _ a l . , 1 9 7 9 )  and T r i t i c i u m
d i c o c c o i d e s  ( N e v o  e_t a_l. , 1 9 8 2 )
T h e r e  a r e  s e v e r a l  r e a s o n s  why w i l d  s o y b e a n ,  G l y c i n e  
so. ja  S i e b  & Z u c c . ,  was c h o s e n  f o r  t h e  p r e s e n t  g e n e t i c  
d i v e r s i t y  s t u d y .  F i r s t ,  t h i s  s p e c i e s  i s  t h e  r e c o g n i z e d
1
2p r o g e n i t o r  o f  m o d e r n  c u l t i v a t e d  s o y b e a n s ,  G l y c i n e  max ( L . )  
M e r r i l l .  B o t h  w i l d  and  c u l t i v a t e d  s p e c i e s  h a v e  a s o m a t i c  
c h r o mo so m e numbe r  o f  2n = 4 0 ,  and h y b r i d s  b e t w e e n  t hem a r e  
i n t e r f e r t i l e  ( H y m o w i t z ,  1 9 7 6 ) .  S o y b e a n  i s  one o f  t h e  mos t  
i m p o r t a n t  c r o p s  g r o w n  i n  t h e  U . S .  as w e l l  as t h e  w o r l d .  
H o w e v e r ,  i n c r e a s e  i n  s eed  y i e l d  i n  s o y b e a n s  by b r e e d i n g  and 
s e l e c t i o n  has  been  s l o w  due t o  i t s  n a r r o w  g e n e t i c  b a c k g r o u n d  
( J o h n s o n  and B e r n a r d ,  1 9 6 3 ) .  S i n c e  G. s o j a  c a n  be r e a d i l y  
c r o s s e d  w i t h  £ .  m a x , has  h i g h e r  DNA c o n t e n t  ( Yamamoto  and 
N a g a t o ,  1 9 8 4 ) ,  s eed  p r o t e i n  p e r c e n t a g e  ( K a i z u m a  and F u k u i ,  
1 9 7 4 )  and t o t a l  p h o s p h o r u s ,  z i n c  and c a l c i u m  c o n t e n t  
( R a b o y  ert al_. , 1 9 8 4 )  t h a n  t h e  c u l t i v a t e d  s o y b e a n s ,  i t  i s  a 
p r o m i s i n g  e x o t i c  g e n e t i c  r e s o u r c e  i n  s o y b e a n  i m p r o v e m e n t .
I n  f a c t ,  b r e e d i n g  e x p e r i m e n t s  h a v e  been  c o n d u c t e d  and 
r e p o r t e d  u s i n g  G. s o j a  as a r e s o u r c e  o f  d i s e a s e  r e s i s t a n c e  
(Ram e_t a_ l. , 1 9 8 5 )  and p r o d u c i n g  s o y b e a n  l i n e s  w i t h  h i g h e r  
s e ed  p r o t e i n  ( E r i c k s o n  et_ a l .  , 1 9 8 1 ;  K a i z u m a  e_t aJL. , 1 9 8 0 ) .
S e c o n d ,  t h e  g e n e t i c s  o f  s e v e r a l  i s o z y m e  v a r i a n t s  i n  
G. max and G. s o j a  has  been  e x t e n s i v e l y  s t u d i e d  i n  o u r  Lab 
as w e l l  as o t h e r s .  I t  i s  e s s e n t i a l  t o  h a v e  g e n e t i c  i n t e r ­
p r e t a t i o n  o f  t h e  n um be r  o f  l o c i  and a l l e l e s  i n v o l v e d  i n  
v a r i a t i o n  o f  z y mog r ams  o b s e r v e d  f o r  e a c h  enzyme b e f o r e  
g e n e t i c  d i v e r s i t y  c an  be e s t i m a t e d  w i t h  e l e c t r o p h o r e s i s .
The i n h e r i t a n c e  o f  some o f  t h e  o b s e r v e d  v a r i a n t s  i n  s o y b e a n s  
f o r  a l c o h o l  d e h y d r o g e n a s e ,  a m y l a s e ,  t e t r a z o l i u m  o x i d a s e  and 
a c i d  p h o s p h o t a s e  was r e p o r t e d  by Gorman and K i a n g  ( 1 9 7 8 ) ,  
H i l d e b r a n d  e_t aJL. ( 1 9 8 0 ) ,  H i l d e b r a n d  and H y m o w i t z  ( 1 9 8 0 ) ,
3and K i a n g  ( 1 9 8 1 ) .  The g e n e t i c  b a s i s  o f  some v a r i a n t s  
o b s e r v e d  f o r  an a d d i t i o n a l  n i n e  e nz y m e s  was f u r t h e r  w o r k e d  
o u t  and r e p o r t e d  ( G o r m a n ,  1 9 8 3 ;  K i a n g  and Go r man ,  1 9 8 3 ;
Gorman et_ al_. , 1 9 8 3 ;  K i a n g  and G orman ,  1 9 8 5 ;  K i a n g  e_t a l . , 
1 9 8 5 ) .  S t i l l  t h e r e  a r e  zymogr am v a r i a t i o n s  o b s e r v e d  i n  
s o y b e a n s  nee d  g e n e t i c  i n t e r p r e t a t i o n ,  and new enzyme s y s t e m s  
need  t o  be s u r v e y e d  i n  o r d e r  t o  o b t a i n  more  a c c u r a t e  
e s t i m a t i o n  o f  g e n e t i c  d i v e r s i t y .  F u r t h e r m o r e ,  t h e s e  
e l e c t r o p h o r e t i c  enzyme  l o c i  a r e  v a l u a b l e  as m a r k e r s  i n  
ch r om o so m e m a p p i n g ,  and  t h e  gene  o r g a n i z a t i o n  on c h r o m o s o m e s  
w i l l  be u s e f u l  i n  t h e  a p p l i c a t i o n  o f  t i s s u e  c u l t u r e  and 
g e n e t i c  e n g i n e e r i n g  f o r  s o y b e a n  i m p r o v e m e n t  i n  t h e  f u t u r e .
T h i r d ,  G. so j a  g r o w s  i n  t h e  w i l d ,  has  n o t  been  
s u b j e c t e d  t o  a r t i f i c i a l  s e l e c t i o n ,  and i s  t h e r e f o r e ,  an 
i d e a l  m a t e r i a l  f o r  t h e  c o m p a r i s o n  o f  t h e  a m o u n t  o f  g e n e t i c  
v a r i a t i o n  w i t h i n  and  b e t w e e n  p o p u l a t i o n s  b a s e d  on q u a n t i ­
t a t i v e  and b i o c h e m i c a l  ( e n z y m e )  v a r i a t i o n .  S i n c e  t h e s e  two  
s e t s  o f  c h a r a c t e r s  m e r e l y  r e p r e s e n t  t w o  p i c t u r e s  o f  t h e  same 
o r g a n i s m ,  t h e  d e g r e e  o f  t h e i r  c o n c o r d a n c e  may r e v e a l  t h e  
d e g r e e  o f  a s s o c i a t i o n  b e t w e e n  t h e  enzyme and t h e  q u a n t i t a t i v e  
c h a r a c t e r s  s t u d i e d .
II. OBJECTIVES
1 .  To s t u d y  t h e  i n h e r i t a n c e  o f  o b s e r v e d  e l e c t r o p h o r e t i c  
v a r i a n t s  o f  G l y c i n e  s o , j a and  G. m a x .
2 .  To s t u d y  t h e  g e n e t i c  l i n k a g e  o f  p r o t e i n  l o c i  i n  
s o y b e a n s .
3 .  To e x a m i n e  g e n e t i c  s t r u c t u r e  o f  G. s o j a  by g e l  
e l e c t r o p h o r e s i s .
4 .  To e s t i m a t e  q u a n t i t a t i v e  v a r i a t i o n  b e t w e e n  G. s o j a  
p o p u l a t i o n s .
5 .  To c o m p a r e  t h e  e s t i m a t e s  o f  p o p u l a t i o n  d i f f e r e n t i a t i o n  
b a s e d  on q u a n t i t a t i v e  and g e n e t i c  ( p r o t e i n )  v a r i a t i o n s  
i n  G. s o j a .
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III. MATERIALS AND METHODS
1 .  THE PLANT
The w i l d  s o y b e a n  ( G l y c i n e  s o j a  S i e b  & Z u c c . ,  f o r m e r l y  
G. u s s u r i e n s i s  R e g e l  & M a a c k )  i s  an a n n u a l ,  t w i n i n g  v i n e  
w i t h  t r i f o l i o l a t e  l e a v e s ,  p u r p l e  f l o w e r s  ( p r e d o m i n a n t l y  
s e l f i n g ) ,  and s m a l l ,  h a r d ,  b l a c k  t o  d a r k  b r o w n  s e e d s .  I t  
g r o w s  w i l d  i n  t h e  Y a n g t z e  R i v e r  V a l l e y ,  t h e  n o r t h e r n  and 
n o r t h e a s t e r n  p r o v i n c e s  o f  C h i n a  and a d j a c e n t  a r e a s  o f  t h e  
USSR, K o r e a ,  J a p a n  and  T a i w a n  ( H y m o w i t z ,  1 9 7 0 ) .
2 .  SEED SOURCES
The G. max s e e d s  u s e d  i n  t h i s  s t u d y  w e r e  p r o v i d e d  by 
D r .  R.  L .  B e r n a r d ,  USDA, ARS and A g r o n o m y ,  U n i v e r s i t y  o f  
I l l i n o i s ,  and D r .  E.  E.  H a r t w i g ,  D e l t a  B r a n c h  E x p .  S t n . ,  
S t o n v i l l e ,  M i s s i s s i p p i .  The G. s o j a  s e e d s  w e r e  o b t a i n e d  
f r o m  D r .  S.  S h a n m u g a s u n d a r a m  o f  t h e  A s i a n  V e g e t a b l e  R e s e a r c h  
and D e v e l o p m e n t  C e n t e r  (AVRDC) i n  T a i w a n ,  D r .  Young  Soo Ham 
o f  C r o p  E x p e r i m e n t  S t a t i o n ,  Suweon ,  S o u t h  K o r e a ,  D r .  N. 
K a i z u m a  o f  t h e  I w a t e  U n i v e r s i t y ,  J a p a n  and D r .  H.  I .  Oka o f  
t h e  N a t i o n a l  I n s t i t u t e  o f  G e n e t i c s ,  J a p a n .  The a c c e s s i o n s  
o f  G. s o j a  and t h e i r  P I  ( P l a n t  I n t r o d u c t i o n )  n u m b e r s  a r e  
l i s t e d  i n  A p p e n d i x  I .
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6Among t h e s e  s e e d  m a t e r i a l s ,  some o f  t h e  G. so . j a  s e e d s  
w e r e  c o l l e c t e d  f r o m  f o u r  n a t u r a l  p o p u l a t i o n s  n e a r  t h e  
K i t a k a m i  r i v e r  i n  I w a t e  P r e f e c t u r e ,  N o r t h e r n  p a r t  o f  J a p a n  
Hons hu  I s l a n d  by D r .  N. K a i z u m a .
B e s i d e s  t h e s e  f o u r  p o p u l a t i o n s ,  t h e  c o l l e c t i o n  m e t h o d  
f o r  e a c h  s e e d  a c c e s s i o n  e x a m i n e d  i n  t h i s  s t u d y  i s  u n k n o w n .  
Seeds  i n  t h e  same a c c e s s i o n  may be d e s c e n d e d  f r o m  a s i n g l e  
o r  f ew  w i l d  p l a n t s  and  h a v e  bee n  m a i n t a i n e d  i n  f a r m s  and 
g a r d e n s .  F o r t y - o n e  a c c e s s i o n s  o f  S o u t h  K o r e a n  o r i g i n  w e r e  
o b t a i n e d  f r o m  AVRDC, T a i w a n  w h e r e  t h e y  had bee n  p r o p a g a t e d .  
The r e s t  o f  A3 S o u t h  K o r e a n  s eed  a c c e s s i o n s  w e r e  p r o v i d e d  
d i r e c t l y  f r o m  S o u t h  K o r e a  by D r .  Young Soo Ham. To s e p a r a t e  
t h e s e  t w o  b a t c h e s  o f  s e e d  a c c e s s i o n s ,  t h e  A V # s '  f o r  t h o s e  
s e e d s  r e c e i v e d  f r o m  AVRDC, T a i w a n  a r e  a l s o  p r e s e n t e d  i n  t h e  
A p p e n d i x  I .  Many a c c e s s i o n s  f r o m  t h e s e  t wo  p l a c e s  h av e  
common P I  n u m b e r s ,  and  a r e  d e s c e n d e d  f r o m  t h e  same p o p u l a ­
t i o n s .  T h e r e f o r e ,  t h o s e  s e e d s  w h i c h  w e r e  o b t a i n e d  f r o m  t wo  
d i f f e r e n t  p l a c e s  b u t  b e a r  t h e  same P I  n um be r  w e r e  t r e a t e d  
as one s e e d  a c c e s s i o n  i n  t h e  g e n e t i c  s t r u c t u r e  s t u d y .
3 .  ELECTROPHORETIC PROCEDURES
A l l  t h e  m e t h o d s  d e s c r i b e d  i n  t h i s  e l e c t r o p h o r e t i c  
p r o c e d u r e s  a r e  as d e s c r i b e d  by Gorman and K i a n g  ( 1 9 7 7 ) ,
K i a n g  and Gorman ( 1 9 8 3 ) ,  K i a n g  and  Gorman ( 1 9 8 5 )  and  K i a n g  
and C h i a n g  ( 1 9 8 5 )  w i t h  some m o d i f i c a t i o n s .
7( 1 ) .  S a m p le  p r e p a r a t i o n
C o t y l e d o n s  o f  d r y  s e e d  w e r e  u s e d  f o r  t h e  e l e c t r o p h o r e t i c  
s t u d y .  A p i e c e  o f  c o t y l e d o n  ( s e e d  c o a t  r e m o v e d )  was s o a k e d  
i n  2 -  3 d r o p s  o f  0 . 0 0 5 M  L - h i s t i d i n e  (HC1)  b u f f e r  (pH 7 . 0 )  
f o r  3 - 8  h r s .  p r i o r  t o  g r i n d i n g .  A 1 X 1 cm s q u a r e  o f  l e n s  
p a p e r  was p l a c e d  on t o p  o f  t h e  g r o u n d  s a m p l e  t o  s e r v e  as a 
f i l t e r ,  and a p p r o p r i a t e  s i z e  o f  b i b u l o u s  p a p e r  was p l a c e d  on 
l e n s  p a p e r  as a s a m p l e  w i c k .  Each  w i c k  was i n s e r t e d  i n t o  one 
o f  26 s l o t s  c u t  p e r p e n d i c u l a r l y  i n t o  t h e  e l e c t r o p h o r e t i c  g e l .
( 2 ) .  G e l  p r e p a r a t i o n
F i v e  t y p e s  o f  h o r i z o n t a l  s l a b  g e l s ,  d i f f e r i n g  i n  t h e  
c o n c e n t r a t i o n s  o f  g e l l i n g  a g e n t  and s t a r c h ,  w e r e  u s e d .  The 
g e l l i n g  a g e n t  was p r e p a r e d  as 95% a c r y l a m i d e  and  5% N , N ' -  
m e t h y l e n e - b i s - a c r y l a m i d e . L - h i s t i d i n e  (HC1)  0 . 0 0 5 M ,  pH 7 . 0  
was u s e d  as g e l  b u f f e r .  The c o n c e n t r a t i o n  o f  ammonium 
p e r s u l f a t e  (AMP) and N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e  d i a m i n e  
(TEMED) w e r e  0 .1% ( W / V )  and 0 . 2% ( V / V )  o f  t h e  g e l  b u f f e r  
s o l u t i o n ,  r e s p e c t i v e l y .  The g e l  m o l d s  w e r e  18cm X 1 5 . 5 c m  
w i t h  3mm d e p t h  f o r  s t a i n i n g  one e n z y m e .  V a r i o u s  d e p t h  o f  
m o l d s  can  be u sed  d e p e n d i n g  on t h e  n um be r  o f  e nz y m e s  t o  be 
e x a m i n e d .  F o r  e x a m p l e ,  i f  t w o  e nz y m es  a r e  t o  be r u n  i n  t h e  
same g e l ,  a 5 -  6 mm deep  g e l  m o l d  can  be u s e d  f o r  m a k i n g  a 
g e l  w h i c h  a f t e r  e l e c t r o p h o r e t i c  r u n  c a n  be s l i c e d  i n t o  two 
g e l s  f o r  s t a i n i n g  t w o  d i f f e r e n t  e n z y m e s .  The f i v e  t y p e s  o f  
g e l s  u s e d  a r e :
( a )  7% ( W/ V )  a c r y l a m i d e  g e l    7% g e l l i n g  a g e n t  + AMP +
8TEMED. T h i s  g e l  was o n l y  u s e d  i n  a m y l a s e  a l l o z y m e  s t u d y .
A l l  t h e  i n g r e d i e n t s  e x c e p t  f o r  TEMED w e r e  m i x e d  t o g e t h e r  
w i t h  g e l  b u f f e r  and h e a t e d  t o  30 -  32 ° C .  The TEMED was 
a dd e d  and m i x e d  i m m e d i a t e l y  p r i o r  t o  p o u r i n g  t h e  g e l  i n t o  
t h e  p l e x i g l a s s  g e l  m o l d .
( b )  9% ( W / V )  a c r y l a m i d e  g e l    9% g e l l i n g  a g e n t  + AMP +
TEMED. The p r e p a r a t i o n  p r o c e d u r e  was same as d e s c r i b e d  
a b o v e  f o r  7% a c r y l a m i d e  g e l .  T h i s  g e l  was o n l y  f o r  s o y b e a n  
K u n i t z  t r y p s i n  i n h i b i t o r  ( T I )  s t u d y .
( c )  7% ( W / V )  a c r y l a m i d e  + 2% ( W/ V )  s t a r c h  g e l  -------- 1% g e l l i n g
a g e n t  and AMP w e r e  d i s s o l v e d  i n  a b o u t  2 / 3  t o  1 / 2  o f  t h e  t o t a l  
a mo un t  o f  g e l  b u f f e r ,  and m a i n t a i n e d  c o o l  ( 4 - 5  ° C ) .  2% 
s t a r c h  was p u t  i n  t h e  r e s t  am ou n t  o f  g e l  b u f f e r ,  and h e a t e d  
t o  78 -  80 °C,  t h e n ,  d e g a s s e d ,  and a dd e d  t o  t h e  c o l d  g e l l i n g  
a g e n t  b u f f e r  s o l u t i o n .  The s o l u t i o n  was i m m e d i a t e l y  p o u r e d  
i n t o  g e l  m o l d  a f t e r  TEMED was a d d e d .
( d )  6% ( W / V )  a c r y l a m i d e  + 4% ( W/ V)  s t a r c h  g e l  -------- T h i s
p o l y a c r y l a m i d e  and s t a r c h  m i x e d  g e l  c o n t a i n s  6% o f  g e l l i n g  
a g e n t ,  4% o f  s t a r c h  and p r o p e r  a m o u n t  o f  AMP and TEMED.
The p r e p a r a t i o n  p r o c e d u r e  was same as d e s c r i b e d  f o r  t h e
t y p e  ( c ) g e l .
( e )  12 .5% ( W/ V)  s t a r c h  g e l    12 .5% s t a r c h  i n  g e l  b u f f e r
was c o o k e d  i n  a w a t e r  b a t h  t o  78 -  80 °C,  d e g a s s e d ,  t h e n ,
p o u r e d  i n t o  a g e l  m o l d .
A l l  t h e  g e l s  w e r e  c o o l e d  i n  t h e  r e f r i g e r a t e r  a t  l e a s t  8 h r s .  
b e f o r e  u s i n g .
9( 3 ) .  E l e c t r o p h o r e s i s
T r i s - c i t r a t e  b u f f e r  ( 0 . 1 3 M ,  pH 7 . 0 )  was u s e d  as t r a y  
b u f f e r .  G e l s  w e r e  e l e c t r o p h o r e s e d  a t  150 o r  200 v o l t s  
u s i n g  a c o n s t a n t  v o l t a g e  p o w e r  s u p p l y  ( ISCO a p p a r a t u s ) .
G e l s  w e r e  p l a c e d  on and c o v e r e d  w i t h  i c e  p a c k s  d u r i n g  
e l e c t r o p h o r e s i s  t o  m a i n t a i n  g e l  t e m p e r a t u r e  a r o u n d  4 °C.  
E l e c t r o p h o r e t i c  r u n s  l a s t  b e t w e e n  3 and  24 h o u r s  d e p e n d i n g  
on t h e  g e l  t y p e ,  t h e  g e l  t h i c k n e s s ,  t h e  p r o t e i n s  t o  be 
e x a m i n e d ,  and t h e  v o l t a g e  s e l e c t e d .  M e t h y l e n e  b l u e  (1%)  
s o l u t i o n  was u s e d  as dye  m a r k e r  f o r  c a l c u l a t i n g  t h e  R f  
v a l u e .
( 4 ) .  Enzymes  and p r o t e i n  s t a i n i n g
A f t e r  e l e c t r o p h o r e s i s ,  t h e  g e l  was s l i c e d  h o r i z o n t a l l y  
i n t o  s e v e r a l  s l i c e s  d e p e n d i n g  on t h e  t h i c k n e s s  o f  t h e  g e l .  
Each s l i c e  was t h e n  s t a i n e d  f o r  a s p e c i f i c  enzyme o r  
p r o t e i n .  A t o t a l  o f  f i f t e e n  enz y m es  and one p r o t e i n  w e r e  
s t u d i e d .  They  a r e :  a c o n i t a s e  (ACO,  EC 4 . 2 . 1 . 3 ) ,  a l c o h o l  
d e h y d r o g e n a s e  (ADH,  EC 1 . 1 . 1 . 1 ) ,  a m y l a s e  (AM,  EC 3 . 2 . 1 . 2 ) ,  
a c i d  p h o s p h o t a s e  ( A P,  EC 3 . 1 . 3 . 2 ) ,  d i a p h o r a s e  ( D I A ,  EC 
1 . 6 . 2 . 2 ) ,  e n d o p e p t i d a s e  ( E N P ) ,  g l u t a m a t e  o x a l o a c e t i c  
t r a n s a m i n a s e  (GOT,  EC 2 . 6 . 1 . 1 ) ,  i s o c i t r a t e  d e h y d r o g e n a s e  
( I D H ,  EC 1 . 1 . 1 . 4 2 ) ,  l e u c i n e  a m i n o p e p t i d a s e  ( L AP ,  EC 
3 . 4 . 1 1 . 1 ) ,  m a l a t e  d e h y d r o g e n a s e  ( MDH, EC 1 . 1 . 1 . 3 7 ) ,  m a n n o s e -  
6 - p h o s p h a t e  i s o m e r a s e  ( M P I ,  EC 5 . 3 . 1 . 8 ) ,  6 - p h o s p h o g l u c o n a t e  
d e h y d r o g e n a s e  (PGD, EC 1 . 1 . 1 . 4 4 ) ,  p h o s p h o g l u c o s e  i s o m e r a s e  
( PGI , EC 5 . 3 . 1 . 9 ) ,  p h o s p h o g l u c o m u t a s e  (PGM, EC 2 . 7 . 5 . 1 ) ,  
s h i k i m a t e  d e h y d r o g e n a s e  (SDH,  EC 1 . 1 . 1 . 2 5 ) ,  and K u n i t z
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t r y p s i n  i n h i b i t o r  ( T I ) .  The s t a i n i n g  m e t h o d s  o f  Shaw and 
P r a s a d  ( 1 9 6 9 ) ,  B r e w b a k e r  _et a_l. ( 1 9 6 8 ) ,  O ' m a l l e y  et. a l . 
( 1 9 8 0 ) ,  Gorman and K i a n g  ( 1 9 7 7 ,  1 9 7 8 )  and Gorman ( 1 9 8 3 )  w e r e  
f o l l o w e d  w i t h  some m o d i f i c a t i o n s ,  and m e t h o d s  o f  K i a n g  and 
Gorman ( 1 9 8 5 )  f o r  I D H ,  K i a n g  and C h i a n g  ( 1 9 8 6 )  f o r  T I ,  Doong 
( p e r s o n a l  c o m m u n i c a t i o n )  f o r  ACO and  ENP.  S p e c i f i c  s t a i n i n g  
m e t h o d  and g e l  t y p e  u s e d  f o r  e a c h  enzyme s t u d i e d  and f o r  T I  
a r e  l i s t e d  i n  t h e  A p p e n d i x  I I .
4 .  GENETIC INHERITANCE OF ENZYME VARIATION
C r o s s e s  b e t w e e n  p l a n t s  w i t h  d i f f e r e n t  z ymogr am v a r i a n t s  
w e r e  made.  The F ^ ,  F 2 and F^  s e e d s  w e r e  e x a m i n e d  e l e c t r o -  
p h o r e t i c a l l y  f o r  t h e  z ym og r ams  and s e g r e g a t i o n  r a t i o s  o f  t h e  
v a r i a n t s .  The o b s e r v e d  and F^ s e g r e g a t i o n  r a t i o s  w e r e  
t e s t e d  w i t h  t h e  C h i  s q u a r e  t e s t  a g a i n s t  t h e  h y p o t h e s i z e d  
r a t i o s .  S i n c e  G. so. j  a and G^ . max can  be i n t e r c r o s s e d  and 
p r o d u c e  f u l l y  v i a b l e  o f f s p r i n g s ,  t h e  s t u d y  o f  i n h e r i t a n c e  
o f  v a r i a n t  zy mog r ams  w e r e  b a s e d  on c r o s s e s  b e t w e e n  G. so. ja  
and G. so. j  a , o r  £ .  so. j  a and G. m a x , o r  G. max and G. m a x .
The r e s u l t s  o f  t h e  g e n e t i c  a n a l y s i s  f r o m  t h e  p r o g e n y  o f  
i n t r a s p e c i f i c  and i n t e r s p e c i f i c  c r o s s e s  w e r e  d e s i g n a t e d  as 
i n h e r i t a n c e  o f  s o y b e a n  z y m o g r a m s .
5 .  LINKAGE STUDY
The F 2 s e e d s  s e g r e g a t i n g  f o r  t wo  o r  more  e l e c t r o p h o r e t i c  
l o c i  w e r e  u s e d  t o  t e s t  l i n k a g e  o f  t h o s e  l o c i .  H o m o g e n e i t y
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t e s t s  w e r e  p e r f o r m e d  when d a t a  f r o m  t w o  o r  more  c r o s s e s  w e r e  
t o  be c o m b i n e d  f o r  e s t i m a t i n g  l i n k a g e  s t r e n g t h .  The 
f r e q u e n c y  o f  r e c o m b i n a t i o n  b e t w e e n  t wo  l i n k e d  l o c i  was 
c a l c u l a t e d  u s i n g  t h e  maximum l i k e l i h o o d  m e t h o d  ( A l l a r d ,  1 9 5 6 ) .
6 .  GENETIC STRUCTURE OF GLYCINE SOJA
( 1 ) .  G e n e t i c  d i v e r s i t y  o f  G. so . j a
E i g h t  t o  more  t h a n  f i f t y  s e e d s  p e r  a c c e s s i o n  we r e  
e x a m i n e d  f o r  z y mo g r a ms  o f  t h e  f i f t e e n  enz y mes  and T I  
( A p p e n d i x  I I ) .  The g e n e t i c  i n f o r m a t i o n  o f  £ .  so . j a  g a t h e r e d  
i n  t h i s  s t u d y  was p o o l e d  t o g e t h e r  b a s e d  on t h e  s eed  s o u r c e  
t o  e s t i m a t e  g e n e t i c  d i v e r s i t y  o f  G. so. j  a i n  S o u t h  K o r e a  and 
J a p a n ,  r e s p e c t i v e l y .  D a t a  f r o m  t h e  a b o v e  t w o  s o u r c e s  w e r e  
a l s o  p o o l e d  t o  a n a l y z e  t h e  t o t a l  g e n e t i c  v a r i a t i o n  o f  t h e  
s p e c i e s .  The f o l l o w i n g  p a r a m e t e r s  o f  g e n e t i c  v a r i a t i o n  w e r e  
e s t i m a t e d :
( a ) .  A l l e l e  f r e q u e n c y
( b ) .  P r o p o r t i o n  o f  p o l y m o r p h i c  l o c i .  B o t h  95% and 99% 
p o l y m o r p h i s m  l e v e l  w e r e  t e s t e d .
( c ) .  The a v e r a g e  num be r  o f  a l l e l e s  p e r  l o c u s  was 
c a l c u l a t e d  by d i v i d i n g  t h e  t o t a l  num be r  o f  a l l e l e s  
o b s e r v e d  by t h e  t o t a l  numbe r  o f  l o c i  e x a m i n e d .  T h i s  
i s  a m e a s u r e  o f  a l l e l i c  r i c h n e s s  o f  a p o p u l a t i o n .
( d ) .  E x p e c t e d  h e t e r o z y g o s i t y .  The e x p e c t e d  h e t e r o z y g o s i t y  
a t  e ac h  l o c u s  was t h e  t h e o r e t i c a l  H a r d y - W e i n b e r g  
h e t e r o z y g o s i t y  o f  a p o p u l a t i o n  f o r  t h a t  l o c u s ,  and 
was c a l c u l a t e d  as
w h e r e  x^  i s  t h e  f r e q u e n c y  o f  t h e  i t h  a l l e l e .  The 
e x p e c t e d  mean h e t e r o z y g o s i t y  ( H e )  was t h e n  c a l c u l a t e d  
by  a v e r a g i n g  t h e  ' H e '  o v e r  a l l  l o c i .
( 2 ) .  A p p o r t i o n m e n t  o f  g e n e t i c  v a r i a t i o n  w i t h i n  and b e t w e e n  
G. so . j a  p o p u l a t i o n s
I n  o r d e r  t o  u n d e r s t a n d  t h e  o r g a n i z a t i o n  o f  t h e  g e n e t i c
d i v e r s i t y  i n  t h e  t o t a l  p o p u l a t i o n  ------  how i t  i s  a p p o r t i o n e d
w i t h i n  t h e  b e t w e e n  p o p u l a t i o n  ------  N e i ' s  ( 1 9 7 3 )  g e n e t i c
d i v e r s i t y  a n a l y s i s  was p e r f o r m e d .
I n  t h e  a n a l y s i s ,  s eed  a c c e s s i o n s  w e r e  g r o u p e d  i n t o  
S o u t h  K o r e a  and J a p a n ,  t wo  g e o g r a p h i c  p o p u l a t i o n s  o f  G. so. j  a . 
N e i ' s  g e n e t i c  d i v e r s i t y  a n a l y s i s  was a l s o  a p p l i e d  t o  t h e  
f o u r  n a t u r a l  G. so. j  a p o p u l a t i o n s  a l o n g  t h e  K i t a k a m i  r i v e r ,  
J a p a n  as w e l l  as t o  t h e  t w e l v e  s e ed  a c c e s s i o n s  o f  S o u t h  
K o r e a  and J a p a n ,  s e l e c t e d  on t h e  b a s i s  o f  t h e i r  l a t i t u d i n a l  
l o c a t i o n  as i n d i c a t e d  i n  F i g u r e  1 and  T a b l e  1.
( 3 ) .  G e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  G. so . j a  p o p u l a t i o n s  
F o r  c o m p a r i s o n  o f  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n
_G. so. ja  p o p u l a t i o n s ,  t h e  g e n e t i c  d i s t a n c e  and  i d e n t i t y  o f  
N e i  ( 1 9 7 2 )  w e r e  c a l c u l a t e d .  N e i ' s  f o r m u l a  f o r  g e n e t i c  
i d e n t i t y  ( 1 9 7 2 )  f o r  a s i n g l e  l o c u s  w i t h  n a l l e l e s  i s
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F ig u re  1. The geograph ic  lo c a t io n s  o f  th e  tw e lv e  G. so j a  seed 
access ions o f  South Korea and Japan.
Table 1. The g e o g ra p h ic a l lo c a t io n  o f  the  tw e lve  seed access ions
o f  South Korea and Japan.
Seed A ccessions C o lle c te d  P lace L a t itu d i
K109 (P I487 .430 ) H i r a t o r i ,  Hokkaido, Japan 42.60 N
E4 (P I487 .428 ) M orioka , Iw a te  P r e f . ,  Japan 39.70 N
K9 (R I407 .192 ) C h ilch e o n , Chunseong, South Korea 37.88 N
K7 (P I407 .181 ) Maseogu, Yangju, South Korea 37.65 N
K102 (P I407 .278 ) Y ongin , Y ongin , South Korea 37.28 N
K28 (P I407 .223 ) Naecheon, Eumseong, South Korea 36.70 N
K52 (P I407 .233 ) Sinam, Yeongi, South Korea 36.62 N
K42 (P I407 .262 ) Changyeong, Changneong, S. Korea 35.53 N
K101 (P I487 .429 ) N o b o r ito , Kanagawa P r e f . ,  Japan 35.50 N
K31 (P I407 .252 ) M ily a n g , M ilya n g , South Korea 35.50 N
M (P I486 .220 ) M ishim a, S izuoka P r e f . ,  Japan 35.10 N
K113 (P I487 .431 ) Ib u s u k i,  Kagoshima P r e f . ,  Japan 31.20 N
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n
w h e r e  3 = y  P . P .x y A *  1 . x 1 . yi = l
n
J = T  P 2 .x .A f  l . x
1=1
n
j  = y  p 2 .y ^  i . y
and  P.  and  P.  a r e  t h e  f r e q u e n c i e s  o f  t h e  i t h  a l l e l e  i n  i  • x i  • y
p o p u l a t i o n s  X and Y, r e s p e c t i v e l y .  The g e n e t i c  d i s t a n c e  
b e t w e e n  t h e  t w o  p o p u l a t i o n s  i s  t h e n  d e f i n e d  as
= -  l n  ( I N>
F o r  m u l t i p l e  l o c i ,  J , 3 and  J v a l u e s  a r e  c a l c u l a t e d  asxy x y
t h e  a r i t h m e t i c  means o v e r  a l l  l o c i  i n c l u d i n g  m o n o m o r p h i c  
l o c i .
7 .  QUANTITATIVE VARI ATI ON OF GLYCINE 50JA POPULATIONS
( 1 ) .  The q u a n t i t a t i v e  v a r i a t i o n  o f  t h e  12 s e e d  a c c e s s i o n s
The 12 s e e d  a c c e s s i o n s  o f  d i f f e r e n t  l a t i t u d i n a l  o r i g i n s  
( F i g u r e  1 and T a b l e  1)  w e r e  g r o w n  i n  t h e  g r e e n h o u s e  and 
f i e l d  t o  i n v e s t i g a t e  t h e  q u a n t i t a t i v e  v a r i a t i o n  b e t w e e n  
a c c e s s i o n s .
A c o m p l e t e l y  r a n d o m i z e d  d e s i g n  w i t h  12 s eed  a c c e s s i o n s ,  
and 20 p l a n t s  p e r  a c c e s s i o n  was c o n d u c t e d  i n  t h e  g r e e n h o u s e  
a t  UNH d u r i n g  t h e  summers  o f  1982 and 1 9 8 3 .  Seeds  w e r e  
s c a r i f i e d  and i n o c u l a t e d  w i t h  c o m m e r c i a l  R h i z o b i a  i n o c u l u m  
b e f o r e  p l a n t i n g .  One s eed  was p l a n t e d  i n  e a c h  o f  15 cm 
d i a m e t e r  p l a s t i c  p o t s .  Space  b e t w e e n  p o t s  was 45 cm. A 
1 2 0 c m - l o n g  bamboo c a n e  was p u t  up i n  e ac h  p o t  t o  s u p p o r t  
v i n e s .  The a m b i e n t  t e m p e r a t u r e s  i n  t h e  g r e e n h o u s e  w e r e
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a b o u t  30°C i n  t h e  day  t i m e  and  25°C a t  n i g h t .  S t e am e d  f i e l d  
s o i l  m i x e d  w i t h  P r o m i x  i n  a one  t o  one r a t i o  was u s e d  as 
g r o w t h  m ed i um.
A r a n d o m i z e d  b l o c k  p l a n t i n g  d e s i g n  w i t h  f o u r  r e p l i c a t i o n s ,  
12 s eed  a c c e s s i o n s ,  11 s e e d s  p e r  s e e d  a c c e s s i o n  p e r  r e p l i c a t i o n  
was c o n d u c t e d  i n  t h e  K i n g m a n  Farm a t  UNH i n  t h e  summers  o f  
1982  and 1 9 8 3 .  Seeds  w e r e  a l s o  s c a r i f i e d  and i n o c u l a t e d  
b e f o r e  p l a n t i n g .  S p a c e  b e t w e e n  t w o  p l a n t s  was 60 cm.
Bamboo c a n e s ,  180cm l o n g ,  w e r e  u s e d  t o  s u p p o r t  p l a n t s .
The f o l l o w i n g  i n f o r m a t i o n  on p h e n o l o g i c a l , a g r o n o m i c  
and  m o r p h o l o g i c a l  c h a r a c t e r s  w e r e  r e c o r d e d .
( A ) .  P h e n o l o g i c a l  c h a r a c t e r s :
a .  Number  o f  d a y s  f r o m  s o w i n g  t o  g e r m i n a t i o n .
b .  Number  o f  d a y s  f r o m  g e r m i n a t i o n  t o  t h e  f i r s t  f l o w e r .
c .  Number  o f  d a y s  b e t w e e n  f i r s t  f l o w e r  and t h e  f i r s t
f r e s h  pod s e t .
d .  Num ber o f  d a y s  b e t w e e n  f i r s t  f r e s h  pod  s e t  and t h e  
f i r s t  m a t u r e  p o d .
e .  Number  o f  d a y s  f r o m  t h e  f i r s t  d r y  pod  t o  t h e  l a s t  
d r y  pod h a r v e s t e d .
f .  Number  o f  d a y s  b e t w e e n  a n t h e s i s  and t h e  s eed  m a t u r i t y .
g .  L i f e  s p a n ,  was d e f i n e d  as numbe r  o f  d a y s  b e t w e e n
g e r m i n a t i o n  and t h e  l a s t  d r y  pod h a r v e s t e d .
( B ) .  A g r o n o m i c  c h a r a c t e r s :
a .  P e r c e n t a g e  o f  1 - s e e d  p o d ,  2 - s e e d  p o d ,  3 - s e e d  pod and 
4 - s e e d  pod p e r  p l a n t .
b .  T o t a l  numbe r  o f  p o d s  p e r  p l a n t .
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c .  T o t a l  num be r o f  s eed  p e r  p l a n t .
d .  A v e r a g e  numbe r  o f  s eed  p e r  pod  ( t o t a l  n u m be r  o f  s eed  
p e r  p l a n t  /  t o t a l  num be r  o f  pod p e r  p l a n t ) .
e .  A v e r a g e  w e i g h t  p e r  100 s e e d .
f .  T o t a l  s eed  y i e l d  p e r  p l a n t  ( b y  w e i g h t ) .
g .  H a r v e s t  i n d e x ,  was c a l c u l a t e d  as t o t a l  s e e d  w e i g h t /  
( t o t a l  s eed  w e i g h t  + pod w e i g h t  + a b o v e  g r o u n d  
v e g e t a t i v e  d r y  w e i g h t  a t  t h e  end o f  h a r v e s t  s e a s o n ) .
h .  P l a n t  h e i g h t  m e a s u r e d  a t  f o u r  w e e k s  a f t e r  s e e d  w e r e  
p l a n t e d  i n  1983 and a t  t h r e e  we e ks  i n  1 9 8 2 .
i .  T o t a l  d r y  w e i g h t  a t  10 we e ks  o l d .  F o u r  p l a n t s  p e r  
a c c e s s i o n  w e r e  p u l l e d  o f f ,  w as hed  o f f  t h e  s o i l  o f  t h e  
r o o t ,  and d r i e d  t o  o b t a i n  t h e  w e i g h t  o f  d r y  m a t t e r .  
R o o t  d r y  w e i g h t ,  numbe r  o f  n o d u l e s  w e r e  a l s o  r e c o r d e d .
j .  L i n e a r  r e g r e s s i o n  c o e f f i c i e n t  ' b '  o f  r e g r e s s i n g
p e r c e n t  a c c u m u l a t i o n  o f  n u m b e r  o f  p o d s  h a r v e s t e d  on 
t w o - d a y  i n t e r v a l  t h r o u g h o u t  h a r v e s t i n g  d u r a t i o n .
( C ) .  M o r p h o l o g i c a l  t r a i t s :
a .  Number  o f  b r a n c h e s  r e c o r d e d  a f t e r  one  m o n t h  ( 1 9 8 3 )  
and a f t e r  t wo  m o n t h  ( 1 9 8 2 )  f r o m  p l a n t i n g .
b .  Stem l e n g t h  b e t w e e n  g r o u n d  and t h e  f i r s t  b r a n c h  n o d e .
c .  F l o w e r  s i z e  ------  w i d t h  o f  t h e  b a n n e r  p e t a l ,  l o n g i t u ­
d i n a l  l e n g t h  o f  f l o w e r  and l e n g t h  o f  f l o w e r  t u b e .
d .  L e n g t h  and w i d t h  o f  3 - s e e d  p o d .
e .  P u b e s c e n c e  l e n g t h  o f  f o u r - w e e k - o l d  g r e e n  p o d .
f .  A n g l e  o f  p u b e s c e n c e  t o  pod s u r f a c e .
g .  P u b e s c e n c e  l e n g t h ,  d e n s i t y  ( #  p u b e s c e n c e  /  1 mm2 ) on
18
m a t u r e  l e a f  s u r f a c e .
h .  A n g l e  o f  p u b e s c e n c e  t o  l e a f  s u r f a c e .
i .  L e n g t h  and  w i d t h  o f  t h e  1 0 t h  l e a f  on m a i n  s t e m  
( e m p h a s i z e d  on t h e  s i z e  —  l e n g t h  and w i d t h ) .
j .  L e n g t h  and w i d t h  o f  l e a f ,  p i c k e d  r a n d o m l y
( e m p h a s i z e d  on t h e  l e a f  s h a p e  —  l e n g t h / w i d t h  r a t i o ) ,  
k .  Seed c o a t  l u s t e r  ( s h i n y  o r  d u l l ) .
( 2 ) .  Q u a n t i t a t i v e  v a r i a t i o n  o f  t h e  f o u r  K i t a k a m i  r i v e r  
p o p u l a t i o n s
Two s e e d s  p e r  p l a n t ,  and  t w e l v e  p l a n t s  p e r  p o p u l a t i o n  
w e r e  r a n d o m l y  p i c k e d  and  g r o w n  i n d i v i d u a l l y  i n  22cm d i a m e t e r  
c l a y  p o t s  i n  t h e  g r e e n h o u s e  a t  UNH i n  1 9 8 5 .  S o i l  and s eed  
p r e p a r a t i o n s  w e r e  t h e  same as i n  1982  and 1983  e x p e r i m e n t s .  
D a t a  w e r e  r e c o r d e d  a b o u t  t h e  same way as i n  1982  and 1 9 8 3 ,  
b u t  o n l y  p a r t  o f  t hem w e r e  i n c l u d e d  i n  t h i s  r e p o r t .
8 .  COMPARISON OF THE ESTIMATES OF POPULATION D I FFERENTI AT I ON 
BASED ON PROTEIN VARI ATI ON AND QUANTITATIVE VARIATION
( 1 ) .  G e n e t i c  d i s t a n c e  among p o p u l a t i o n s  b a s e d  on 
q u a n t i t a t i v e  v a r i a t i o n  
D i s s i m i l a r i t y  b e t w e e n  p o p u l a t i o n s  ( s e e d  a c c e s s i o n s )  
b a s e d  on t h e  q u a n t i t a t i v e  c h a r a c t e r s  was m e a s u r e d  as 
E u c l i d e a n  d i s t a n c e  ( d 2 ) .  The f o r m u l a  f o r  t h e  E u c l i d e a n  
d i s t a n c e  b e t w e e n  t w o  p o p u l a t i o n s ,  q and p ,  i n  an 
n - d i m e n s i o n a l  s p a c e  i s
l n
d 2 pq = — 2  ( x i p "  x i  q ) 2 ( S n e a t h  and S o k a l ,  1 9 7 3 )
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w h e r e ,  n = n u m b e r  o f  c h a r a c t e r s  m e a s u r e d ;  x .  and  x .  a r e  ’ ’ i p  l q
t h e  m e a s u r e m e n t  o f  i t h  c h a r a c t e r  o f  p and q p o p u l a t i o n s ,  
r e s p e c t i v e l y .
A l l  t h e  d a t a  w e r e  s t a n d a r d i z e d  b e f o r e  d 2 was c a l c u l a t e d .  
Two p o p u l a t i o n s  w i t h  a d 2 = 0 a r e  n o t  d i f f e r e n t  f r o m  one 
a n o t h e r  i n  t h e  q u a n t i t a t i v e  c h a r a c t e r s  s t u d i e d .  The 
c o m p u t e r  p r o g r a m  'CLUSTAN'  ( W i s h a r t ,  1 9 7 8 )  was u s e d  t o  
c o m p u t e  t h i s  d i s s i m i l a r i t y  c o e f f i c i e n t .
( 2 ) .  G e n e t i c  d i s t a n c e  among p o p u l a t i o n s  b a s e d  on p r o t e i n  
v a r i a t i o n
B e s i d e s  N e i ' s  g e n e t i c  d i s t a n c e  ( DN )> t h e  E u c l i d e a n  
d i s t a n c e  b a s e d  on a l l e l e  f r e q u e n c y  was c o m p u t e d  as 
d e s c r i b e d  a b o v e .  The p r o t e i n  d a t a  w e r e  a l s o  t r a n s f o r m e d  
i n t o  b i n a r y  ( p r e s e n c e  = 1,  a b s e n c e  = 0 )  f o r m  t o  c o m p u t e  a 
d i s t a n c e  b e t w e e n  p o p u l a t i o n s  b a s e d  on t h e  f o r m u l a  ( W i s h a r t ,  
1 9 7 8 )  b e l o w :
w h e r e ,  M = t h e  n u m be r  o f  a t t r i b u t e s  ( a l l e l e s ) ;  B = numbe r  
o f  a t t r i b u t e s  p r e s e n t  i n  p o p u l a t i o n  i  and a b s e n t  i n  
p o p u l a t i o n  k ;  C = n u m b e r  o f  a t t r i b u t e s  p r e s e n t  i n  p o p u l a t i o n  
k and a b s e n t  i n  p o p u l a t i o n  i .
( 3 ) .  The c o n g r u e n c e  b e t w e e n  q u a n t i t a t i v e  d a t a  and p r o t e i n  
d a t a  i n  t h e  e s t i m a t e s  o f  p o p u l a t i o n  d i f f e r e n t i a t i o n
( A ) .  The p r o d u c t - m o m e n t  c o r r e l a t i o n  and S p e a r m a n ' s  r a n k  
o r d e r  c o r r e l a t i o n  ( L i n d e m a n  e_t al_. , 1 9 8 0 )  w e r e  c o m p u t e d
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b e t w e e n  t h e  p o p u l a t i o n  d i s t a n c e s  e s t i m a t e d  by t h e  p r o t e i n  
and q u a n t i t a t i v e  d a t a  t o  t e s t  t h e i r  c o n c o r d a n c e .
( B ) .  The h i e r a r c h i c a l  g r o u p i n g  m e t h o d  o f  Ward  ( 1 9 6 3 )  was 
a p p l i e d  t o  o b t a i n  p h e n o g r a m s  b a s e d  on q u a n t i t a t i v e  d a t a  and 
p r o t e i n  d a t a .  Ward p r o p o s e d  a h i e r a r c h i c a l  m e t h o d  w h i c h  
c o m b i n e s  t h o s e  t w o  c l u s t e r s  P and Q whose  f u s i o n  y i e l d s  t h e  
l e a s t  i n c r e a s e  i n  t h e  e r r o r  sum o f  s q u a r e s .  The e r r o r  sum 
o f  s q u a r e s  i s  d e f i n e d  as t h e  sum o f  d i s t a n c e  f r o m  e a c h  
i n d i v i d u a l  t o  t h e  c e n t r o i d  o f  i t s  p a r e n t  c l u s t e r .  B o t h  
a l l e l e  f r e q u e n c y  and t h e  b i n a r y  p r e s e n t - a b s e n t  t r a n s f o r m e d  
a l l e l i c  d a t a  w e r e  u s e d  t o  c o n s t r u c t  t h e  p h e n o g r a m s .  The 
c o n g r u e n c e  b e t w e e n  p h e n o g r a m s  was m e a s u r e d  u s i n g  F a r r i s '  
( 1 9 7 3 )  mean c o e f f i c i e n t  o f  d i s t o r t i o n .
IV. RESULTS AND DISCUSSIONS
1.  GENETIC CONTROL OF PROTEIN VARIATIONS
A l l  t h e  z y m o gr a ms  s t u d i e d  i n  t h i s  r e p o r t  w e r e  i n  t h e
a n o d a l  r e g i n .  F o r  e a c h  e n z y m e ,  i n  o r d e r  f o r  e a s y  
d i s c u s s i o n s ,  ' z y m o g r a m  t y p e s '  w e r e  a s s i g n e d  a r b i t r a r i l y  i n  
' n u m b e r '  f o r  z y m o g r a m s  w h i c h  had  band  p a t t e r n s  d i f f e r e n t  
f r o m  e ac h  o t h e r .  Zymogram b a n d s  w e r e  a l s o  named i n  ' n u m b e r ' ,  
band  1 f o r  t h e  band  c l o s e s t  t o  o r i g i n ,  band  2 t h e  s e c o n d
c l o s e s t ,  and so o n .  R f  v a l u e s  w e r e  shown on e a c h  zymogram
f i g u r e  as a r e f e r e n c e  o f  b a n d  m i g r a t i o n  r a t e  by c o m p a r i n g  
t h e  d i s t a n c e  o f  b a n d s  m i g r a t i o n  w i t h  t h e  d i s t a n c e  o f  
m e t h y l e n e  b l u e  m i g r a t i o n  on t h e  same g e l s .  The g e n e t i c  
s y m b o l s  f o r  l o c i  and  a l l e l e s  w e r e  a s s i g n e d  f o l l o w i n g  R u l e s  
f o r  G e n e t i c  S y m b o l s  i n  S o y b e a n  G e n e t i c  N e w s l e t t e r  ( 1 9 8 5 ) .
A c o n i t a s e  (ACO,  EC 4 . 2 . 1 . 3 )
A c o n i t a s e  c a t a l y z e s  t h e  i s o m e r i z a t i o n  o f  c i t r i c  a c i d  
and i s o c i t r i c  a c i d .
CH2C 0 2H CH2C 0 2H
Fe
COHC02H < > CHC02H
CH2C 0 2H c o h c o 2h
H
c i t r i c  a c i d i s o c i t r i c  a c i d
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I t  a l s o  c a t a l y z e s  an i s o m e r i z a t i o n  b e t w e e n  c i t r i c  a c i d ,  
i s o c i t r i c  a c i d ,  and  a t h i r d  a c i d ,  c i s - a c o n i t i c  a c i d ,  w h i c h  
i s  o f t e n  i n d i c a t e d  as  an i n t e r m e d i a t e  i n  t h e  c o n v e r s i o n  o f  
c i t r i c  t o  i s o c i t r i c  a c i d  ( W i l l i a m s o n  and C o r k e y ,  1 9 6 9 ) .  A 
m o n o m e r i c  enzyme s t r u c t u r e  was r e p o r t e d  f o r  t h e  a c o n i t a s e  
i n  S l o w  L o r i e s  w h i l e  a p o l y m e r i c  s t r u c t u r e  i n  mouse t i s s u e  
was s u g g e s t e d  ( K o e n ,  1 9 6 9 ) .
A c o n i t a s e  z y m o g r a m s  i n  G. s o j  a showed  s i x  a n o d a l  
b a n d s  i n  m a t u r e  d r y  s e e d  ( F i g u r e  2 ) .  The d i f f e r e n t  
h o m o z y g o u s  ACO z y m o g r a m s  o b s e r v e d  i n  G. so / j a  r e s u l t e d  f r o m  
v a r i o u s  c o m b i n a t i o n s  o f  f i v e  d i s t i n c t  e l e c t r o p h o r e t i c  
v a r i a n t s .  O n l y  p a r e n t a l  b a n d s  w e r e  o b s e r v e d  i n  any  h y b r i d  
s e e d ,  n a t u r a l  o r  by a r t i f i c i a l  c r o s s e s .  T h u s ,  a m o n o m e r i c  
enzyme s t r u c t u r e  and  l o c i  w i t h  c o d o m i n a n t  a l l e l e s  a r e  
s u g g e s t e d  f o r  t h e  a c o n i t a s e  i n  G. so. j  a . The i n h e r i t a n c e  
m o d e l s  f o r  ACO d e s c r i b e d  b e l o w  w e r e  h y p o t h e s i z e d ,  and t h e  
s y m b o l s  a s s i g n e d  f o r  t h e  l o c i  and a l l e l e s  w e r e  t e n t a t i v e  
b e c a u s e  o f  i n s u f f i c i e n t  g e n e t i c  d a t a .  Our  Lab  i s  w o r k i n g  
on t h e  d e t a i l e d  i n h e r i t a n c e  o f  t h e s e  o b s e r v e d  v a r i a n t  b a n d s .
We h y p o t h e s i z e d  t h a t  t h e  f i v e  e l e c t r o p h o r e t i c  v a r i a n t s  
f o u n d  i n  ACO z y m o gr a ms  w e r e  c o n t r o l l e d  by f i v e  l o c i ,  
d e s i g n a t e d  as A c o l  t o  A c u 3 . Two v a r i a n t s  o f  d i f f e r e n t  
m o b i l i t y  i n  ban d  1 ( F i g u r e  2 ) ,  R f  0 . 2 6  ( A c o l - b ) and R f  0 . 2 1  
( A c o 1 - a ) w e r e  o b s e r v e d  i n  A c o l . F o r  a l l  t h e  G. s o j  a seed  
e x a m i n e d ,  t h e  A c o l - a  was f o u n d  o n l y  i n  A v 3 0 94  ( P I 4 0 7 . 1 9 8  -  
199 )  a c c e s s i o n .
The s e c o n d  ACO e l e c t r o p h o r e t i c  v a r i a n t s  i n v o l v e d  t h e
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R f
0 . 8 0
0 . 6 5
0 . 5 0
0 . 3 5















Aco5 — b / b a / a a / a a /  a a / a a /  a a / a
Aco4 — b / b c / c a / a b / b b / b b / b b / b
Aco3 — a / a a / a a / a a / a b / b a / a b / b
Aco2 — a / a d / d c / c c / c b / b a / a b / c
A c o l  — b / b b / b b / b a / a b / b b / b b / b
F i g u r e  2 .  Zymogr ams  o f  A c o n i t a s e  i n  G. so. j  a m a t u r e  s e e d .
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m o b i l i t y  o f  b an d  2 .  F o u r  h o m o z y g o u s  z y m o gr a ms  w i t h  r e s p e c t  
t o  t h i s  ban d  w e r e  o b s e r v e d ,  and t h e i r  R f  v a l u e s  w e r e  A c o 2 - a  
0 . 3 2 ,  A c o 2 - b  0 . 3 3 ,  A c o 2 - c  0 . 3 7  and A c o 2 - d  0 . 4 3 .
The t h i r d  ACO e l e c t r o p h o r e t i c  v a r i a n t s  i n v o l v e d  t h e  
m o b i l i t y  o f  t h e  t h i r d  and f o u r t h  ACO b a n d s .  Two h o m o z y g o u s  
z ym og r ams  w e r e  o b s e r v e d  w i t h  r e s p e c t  t o  t h e s e  t w o  b a n d s .  One 
zymogram had t h e s e  t w o  b a n d s  m i g r a t e d  a t  R f  0 . 5 0  and  0 . 5 6  
r e s p e c t i v e l y ,  t h e  o t h e r  zymogr am had  t hem a t  R f  0 . 4 5  and 0 . 5 0 .  
One n a t u r a l  h e t e r o z y g o t e  s h o w i n g  t h r e e  b a n d s  w i t h  R f  0 . 4 5 ,
0 . 5 0  and  0 . 5 6  was o b s e r v e d  i n  a c c e s s i o n  P I 4 0 7 . 1 8 1 .  We h e n ce  
h y p o t h e s i z e d  t h a t  b a n d s  3 and 4 a r e  t h e  p r o d u c t s  o f  l o c u s  
Aco3  w i t h  A c o 3 - a  p r o d u c i n g  b a n d s  o f  R f s '  0 . 4 5  and 0 . 5 0 ,  and 
A c o 3 - b  p r o d u c i n g  R f s '  0 . 5 0  and 0 . 5 6 .  S i n c e  b o t h  a l l e l e s  
p r o d u c e  a b an d  w i t h  R f  a t  0 . 5 0 ,  t h e  h e t e r o z y g o t e  b e t w e e n  them 
showed o n l y  t h r e e  b a n d s .  The s e c o n d  h y p o t h e s i s  i s  t h a t  t h e  
band  a t  R f  0 . 5 0  i s  c o n t r o l l e d  by a s e p a r a t e  l o c u s ,  w h i l e  a t  
l o c u s  A c o 3 , A c o 3 - a  p r o d u c e s  a ban d  a t  R f  0 . 4 5  and A c o 3 - b  
p r o d u c e s  a band  a t  R f  0 . 5 6 .
T h r e e  m i g r a n t s  o f  d i f f e r e n t  m o b i l i t y  i n  b a n d  5 as w e l l  
as t w o  i n  band  6 w e r e  o b s e r v e d .  They  w e r e  h y p o t h e s i z e d  as 
t h e  p r o d u c t s  o f  t h e  f o l l o w i n g  a l l e l e s  o f  l o c i  Aco4  and  A c o 5 : 
A c o 4 - a  f o r  band  a t  R f  0 . 5 7 ,  A c o 4 - b  a t  R f  0 . 6 5  and A c o 4 - c  a t  
R f  0 . 6 9 ,  and f o r  ban d  6 A c o 5 - a  a t  R f  0 . 7 4  and A c o 5 - b  a t  R f  
0 . 7 9 .  F o r  a l l  o f  t h e  G. s o j  a s ee d  e x a m i n e d ,  t h e  A c o 5 - b  
a l l e l e  was f o u n d  o n l y  i n  K 113 ( P I 4 8 7 . 4 3 1 )  s eed  a c c e s s i o n  
f r o m  J a p a n .
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A l c o h o l  d e h y d r o g e n a s e  (ADH,  EC 1 . 1 . 1 . 1 )
The m a i n  b i o l o g i c a l  r e a c t i o n  o f  ADH i s  t o  m e d i a t e  t h e  
r e v e r s i b l e  f o r m a t i o n  o f  e t h a n o l  and NAD f r o m  a c e t a l d e h y d e  
and NADH.
CHj CH20H + NAD <---------------------- > CH 3 CHO + NADH + H +
T h r e e  h o m o z y g o u s  ADH z y mog r ams  ( F i g u r e  3)  w e r e  o b s e r v e d  
i n  £ .  so. j  a o f  p r e s e n t  s t u d y .  The f i r s t  zymogr am t y p e  has  
f i v e  b a n d s ,  w h i l e  t h e  t y p e  2 l a c k s  b o t h  b a n d s  1 and 3 .  These  
t w o  z ymogr am t y p e s  w e r e  a l s o  o b s e r v e d  i n  G. m a x . The t h i r d  
t y p e  z ymogr am shows  b an d  1,  3 ,  A and 5 w i t h  ban d  2 m i s s i n g .  
T h i s  t y p e  3 zymogr am was o b s e r v e d  o n l y  i n  some s e e d s  o f  K31 
( P I A 0 7 . 2 5 2  and P I A 0 7 . 2 5 3 ) ,  a G. so. j  a a c c e s s i o n  f r o m  S o u t h  
K o r e a .
We h y p o t h e s i z e d  t h a t  t h e  b a n d s  1,  3 and 5 w e r e  r e l a t e d  
i n  a h o m o - h e t e r o d i m e r  r e l a t i o n s h i p ,  b a n d s  1 and  5 b e i n g  t h e  
r e s p e c t i v e  h o m o d i m e r s  o f  l o c i  d e s i g n a t e d  A d h l  and A d h 2 ,  and 
ban d  3 b e i n g  t h e  h e t e r o d i m e r  f o r m e d  by t h e  c o m b i n a t i o n  o f  
monomer s  f r o m  A d h l  and  A d h 2 . The ban d  3 o f  t y p e  1 m i g r a t e s  
a p p r o x i m a t e l y  h a l f w a y  b e t w e e n  ban d  1 and  5 ,  as e x p e c t e d  f o r  
h e t e r o d i m e r s  i n  r e l a t i o n  t o  t h e i r  r e s p e c t i v e  h o m o d i m e r s .
The t y p e  2 zymogr am a p p e a r s  as a r e s u l t  o f  a r e c e s s i v e  n u l l  
a l l e l e ,  d e s i g n a t e d  as a d h l , b e i n g  f i x e d  a t  l o c u s  A d h l .
S i n c e  b o t h  b a n d s  1 and 3 w e r e  d e p e n d e n t  on monomer  u n i t s  
p r o d u c e d  f r o m  A d h l , b o t h  b a n d s  w e r e  l o s t  when t h e  l o c u s  was 
h o m o z y g o u s  f o r  t h e  n u l l  a l l e l e  ( a d h l ) . The o b s e r v e d  3 t o  1 
s e g r e g a t i o n  r a t i o  i n  t h e  F 2 f r o m  t h e  r e c i p r o c a l  c r o s s e s  
b e t w e e n  t y p e  1 and 2 o f  £ .  max p l a n t s  ( T a b l e  2 )  f i t t e d  t h e
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3. Zymograms o f  ADH in  soybeans. The numbers 
under the  su b u n its  heading r e fe r  to  the 
lo c i  from which monomers o r ig in a te d .
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Table 2. The F2 se g re g a tio n  data a t the ADH lo c i  in  soybeans
Cross F2 seg reg a tion
A d h l/A dh l X a d h l/a d h l
Amsoy X J e ffe rs o n  
(ty p e  1 X type  2) 
x 2 (3 : 1)
A dh l/-
308
a d h l/a d h l
113
0.76 (0 .3  < P < 0 .5)
a d h l/a d h l X A dh l/ Adhl
J e ffe rs o n  X Amsoy 
(ty p e  2 X type 1) 
x 2 (3 : 1)
221 63
1.20 (0 .2  < P < 0 .3)
Adh3/Adh3 X adh3/adh3 Adh3/- adh3/adh3
P IA 07 .181 X P I4 0 7 .252 
(ty p e  1 X type 3) 
x 2 (3 : 1)
173 57
0.005 (0 .90  < P < 0 .95 )
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mo de l  o f  t h e  n u l l  and f u n c t i o n a l  a l l e l e s  s e g r e g a t i n g  a t  
one l o c u s .  An e l e c t r o p h o r e t i c  f i v e - b a n d  p a t t e r n  was a l s o  
o b s e r v e d  i n  s o y b e a n s  by Beremand ( 1 9 7 5 ) .  Based  on 
d i s s o c i a t i o n - r e a s s o c i a t i o n  and i m m u n o e l e c t r o p h o r e s i s  
s t u d i e s ,  Beremand p r o p o s e d  a s i m i l a r  h y p o t h e s i s  t o  o u r s  f o r  
t h e  h o m o - h e t e r o d i m e r  r e l a t i o n s h i p  f o r  b an ds  1,  3 and 5 o f  
s o y b e a n  ADH zymogram.
The ADH zymogram band 2 was h y p o t h e s i z e d  t o  be c o n t r o l l e d  
by a t h i r d  l o c u s ,  d e s i g n a t e d  as A d h 3 , h a v i n g  a r e c e s s i v e  
n u l l  ( a d h 3 ) and a d o m i n a n t  f u n c t i o n a l  ( A d h 3 ) a l l e l e s .  The 
o b s e r v e d  3 : 1 s e g r e g a t i o n  i n  F 2 g e n e r a t i o n  o f  a c r o s s  
b e t w e e n  t y p e  1 and t y p e  3 o f  G. s o j  a p l a n t s  ( T a b l e  2)  f i t t e d  
a mo de l  o f  t h e  n u l l  and f u n c t i o n a l  a l l e l e s  s e g r e g a t i n g  a t  a 
s i n g l e  l o c u s .
6 - A m y l a s e  (AM, EC 3 . 2 . 1 . 2 )
One l o c u s  (Am3) w i t h  f o u r  a l l e l e s ,  A m 3 - f , A m 3 - s , Am3-sw 
and A m 3 - n l  was r e p o r t e d  i n  t h e  g e n e t i c  c o n t r o l  o f  t f - a m y l a s e  
a l l o z y m e  v a r i a n t s  i n  G_. max ( K i a n g ,  1 9 8 1 ) .  O n l y  t h e  f i r s t  
two  a l l e l e s ,  A m 3 - f  and Am3-s we re  o b s e r v e d  i n  p r e s e n t  G. 
so. ja  s t u d y  .
A c i d  p h o s p h a t a s e  (AP,  EC 3 . 1 . 3 . 2 )
A c i d  p h o s p h a t a s e s  c a t a l y z e  t h e  h y d r o l y s i s  o f  m o n o e s t e r s  
o f  p h o s p h o r i c  a c i d ,  and a r e  a l s o  c a l l e d  p h o s p h o m o n o e s t e r a s e s  
( F a i r l e y  and K i l g o u r ,  1 9 6 6 ) .  N a - a l p h a - n a p h t h y l  a c i d
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p h o s p h a t e  i s  an u n n a t u r a l  s u b s t r a t e  w h i c h  was used  t o  
v i s u a l i z e  AP a l l o z y m e s  i n  t h i s  s t u d y .
T h r e e  e l e c t r o p h o r e t i c  zymograms d i f f e r i n g  i n  t h e  
m o b i l i t y  o f  an a n o d a l  band we re  o b s e r v e d  i n  s o y b e a n s  (Gorman 
and K i a n g ,  1 9 7 7 ;  K i a n g  et. al_. , 1 9 8 1 ) .  These  v a r i a n t s  we re  
s u g g e s t e d  by Gorman and K i a n g  ( 1 9 7 7 )  t o  be i n h e r i t e d  as 
t h r e e  c o d o m i n a n t  a l l e l e s  ( A p - a , A p -b  and A p - c ) a t  a s i n g l e  
n u c l e a r  l o c u s .  The h y p o t h e s i s  was c o n f i r m e d  by H i l d e b r a n d  
e t  a l . ( 1 9 8 0 )  u s i n g  a d i s c  g e l  e l e c t r o p h o r e t i c  p r o c e d u r e .
The same zymograms  we re  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y ,  and 
we re  shown as zymogram t y p e  1 ( A p - a ) ,  t y p e  2 ( A p - b ) and 
t y p e  3 ( A p - c )  i n  F i g u r e  A.  I n  a d d i t i o n ,  a new v a r i a n t  
t y p e  4 ,  R f  0 . 5 7 )  was o b s e r v e d  i n  G. s o j a  ( F i g u r e  4 ) .
R e c i p r o c a l  c r o s s e s  b e t w e e n  t y p e  3 and t y p e  4 p l a n t s  o f  
G. s o j a  showed a 1 : 2 : 1 F 2 s e g r e g a t i o n  r a t i o  ( T a b l e  3 ) .  
H e t e r o z y g o t e s  showed b o t h  p a r e n t a l  bands  ( R f  0 . 5 3  o f  t y p e  3;  
R f  0 . 5 7  o f  t y p e  4)  w i t h  no i n t e r m e d i a t e  band  (H t y p e  i n  
F i g u r e  4 ) .  O n l y  F 2 s eed  w i t h  a two  band zymogram s e g r e g a t e d  
i n  t h e  F 3 w i t h  a r a t i o  o f  1 : 2 : 1 ( T a b l e  3 ) .  T h u s ,  t h e  
r e s u l t s  i n d i c a t e  t h a t  t y p e  4 i s  t h e  c o n s e q u e n c e  o f  a f o u r t h  
c o d o m i n a n t  a l l e l e  a t  t h e  Ajo l o c u s .  T h i s  new a l l e l e  i s  
d e s i g n a t e d  as A p - d .
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F i g u r e  4 .  AP zymograms o b s e r v e d  i n  s o y b e a n  d r y  s e e d s .
Table 3. The F2 and F
Cross
A p -c /c  X Ap-d/d 
PI407.192XPI407.223 
(typ e  3 X type 4) 
x 2 (1 : 2 : 1)
Ap-d/d  X A p -c /c  
PI407.223XPI407.192 
(typ e  4 X type 3) 
x 2 (1 : 2 : 1)
seg rega tion  data a t the
F2 segrega tion
A p -c /c  A p-c/d  Ap-d/d
89 194 97
0.50  (0 .3  < P < 0.5)
133 289 133
0.96  (0 .3  < P < 0 .5)
Ap locus  in  G lyc in e  s o ja .
F 3 seeds from 
F2 heterozygous p la n ts
A p -c /c  A p -c /d  Ap-d/d
30 51 23
0.99 (0 .3  < P < 0.5)
40 86 46
0.65 (0 .3  < P < 0.5)
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D i a p h o r a s e  ( D I f t ,  EC 1 . 6 . 2 . 2 )
D i a p h o r a s e s  a r e  a c l a s s  o f  enzymes c a p a b l e  o f  t h e  
o x i d a t i o n  o f  NADH w i t h  c e r t a i n  a r t i f i c i a l  d y e s ,  such  as 
2 , 6 - d i c h l o r o p h e n o l  i n d o l p h e n o l  used  i n  t h i s  DIA s t u d y .
The f u n c t i o n  o f  DIA i n  p l a n t s  i s  unk nown .
DIA zymograms  i n  c u l t i v a t e d  and w i l d  s o y b e a n s  we re  
f o u n d  t o  hav e  as many as t w e l v e  a n o d a l  bands  i n  d r y  seed 
c o t y l e d o n ,  and we re  t h e  p r o d u c t s  o f  f i v e  t o  s e v e n  DIA l o c i  
(Gorman e_t aj^. , 1 9 8 3 ) .  The f i r s t  f i v e  o b s e r v e d  bands  a r e  
m i t o c h o n d r i o n  a s s o c i a t e d  ( Go r man ,  1 9 8 3 ) .  The monomers o f  
t wo  l o c i  i n t e r a c t  t o  f o r m  i n t r a -  and i n t e r l o c u s  t e t r a m e r s  o f  
band  1 t o  5 as r e p o r t e d  by Gorman e_t _al .  ( 1 9 8 3 ) .  Among t hem ,  
D i a l  was f o u n d  t o  h av e  two a l l e l e s  ( D i a l  and d i a l ) w h i l e  t h e  
o t h e r  l o c u s  was m o n o m o r p h i c .  The same o b s e r v a t i o n  was made 
i n  G. s o j a  i n  t h e  p r e s e n t  s t u d y .
The D i a 2  was t h e  l o c u s  d e s i g n a t e d  t o  c o n t r o l  t h e  
m o b i l i t y  o f  t h e  s e v e n t h  and e i g h t h  DIA b a n d s .  Two d i f f e r e n t  
m o b i l i t y  v a r i a n t s  w e r e  r e p o r t e d  t o  be c o n t r o l l e d  by two 
c o d o m i n a n t  a l l e l e s ,  D i a 2 - a  and D i a 2 - b  (Gorman e_t a_l. , 1 9 8 3 ) .
A t h i r d  homoz yg ous  zymogram was o b s e r v e d  i n  some s ee d s  o f  
K31 ( P I 4 0 7 . 2 5 2  and P I 4 0 7 . 2 5 3 ) ,  an a c c e s s i o n  o f  13. s o j a  f r o m  
S o u t h  K o r e a .  These  s ee d s  showed no DIA bands  7 and 8 ( t y p e  
4 ,  F i g u r e  5 ) .  We h y p o t h e s i z e d  t h a t  a t h i r d  a l l e l e ,  d i a 2 , i s  
r e c e s s i v e  t o  D i a 2 - a  and D i a 2 - b , and a h o m o z y g o t e  f o r  t h i s  
n u l l  a l l e l e  p r o d u c e s  no bands  7 and o .  C r o s s e s  b e t w e en  
D i a 2 - b  and d i a 2  p l a n t s  showed a 3 : 1 s e g r e g a t i o n  r a t i o  i n
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5. DIA zymograms o f soybeans. '+ ' is  the  dom inant a l le le ,  
and is  the rece ss ive  a l le le .
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F 2 s e e d s .  T h e r e  was no d i f f e r e n c e  i n  r e c i p r o c a l  c r o s s e s  
( T a b l e  4 ) .  Based on t h e  F 2 p l a n t  p r o g e n y  t e s t ,  a s e g r e ­
g a t i o n  o f  1 : 2 : 1 was o b s e r v e d  f o r  t h e  F 2 s e e d s ,  w h i l e  a 
3 : 1 r a t i o  was o b t a i n e d  i n  F 3 s ee d s  f r o m  s e g r e g a t i n g  F 2 
p l a n t s  ( T a b l e  4 ) .  A l l  t h e s e  r e s u l t s  i n d i c a t e  t h a t  d i a 2  i s
r e c e s s i v e  t o  D i a 2 - b  and D i a 2 - a  s i n c e  D i a 2 - b  and D i a 2 - a  a r e  
c o d o m i n a n t .
Gorman et_ a_l. ( 198 3 )  r e p o r t e d  t h a t  a s i n g l e  l o c u s  
( D i a 3 ) w i t h  v a r i a n t  d o m i n a n t  and r e c e s s i v e  a l l e l e s  ( D i a 3  and 
d i a 3 ) was r e s p o n s i b l e  f o r  t h e  p r e s e n c e  o r  a b s e n c e  o f  DIA 
band 10 ( t y p e  5 ,  F i g u r e  5 ) .  The DIA zymogram o f  G. so. ja K52 
( P I 4 0 7 . 2 3 3 - 4 0 7 . 2 3 5 )  was f o u n d  t o  have  s l o w e r  m o b i l i t y  o f  
bands  9 and 10 ( t y p e  6 ,  F i g u r e  5 ) .  The m o b i l i t y  o f  i t s  band 
9 i s  e q u a l  t o  t h e  band 8 o f  t y p e  1,  and i t s  band 10 e q u a l  t o  
t h e  band 9 o f  t y p e  1.  T h u s ,  D i a 3 - a  was t e n t a t i v e l y  d e s i g n a t e d  
f o r  t h e  a l l e l e  c o n t r o l l i n g  t h e  s l o w  movement  o f  band 9 and 10 
o f  K52 DIA zymogram and t h e  D i a 3 - b  as t h e  f o r m e r  D i a 3  
(Gorman e_t aj^. , 1 98 3 )  a l l e l e  i n  l o c u s  D i a 3 . More g e n e t i c  
d a t a  a r e  needed  t o  c o n f i r m  t h i s  h y p o t h e s i s .
A l l  t h e  C). so. ja s e e d s  e x a m i n e d  i n  t h e  p r e s e n t  s t u d y  f o r  
DIA zymograms we re  f o u n d  h a v i n g  bands  11 and 12 e x c e p t  K113 
( P I 4 8 7 . 4 3 1 ) ,  an a c c e s s i o n  f r o m  s o u t h e r n  J a p a n .  I n  K113 o n l y  
one band ( t y p e  7,  F i g u r e  5)  was o b s e r v e d  w i t h  t h e  m o b i l i t y  
b e t w e e n  bands  11 and 12 o f  t y p e  1 ( F i g u r e  5 ) .  C r o s s e s  
b e t w e e n  K113 ( t y p e  7)  and P I 4 8 6 . 2 2 0  ( t y p e  1) showed a l l  
t h r e e  p a r e n t a l  bands  i n  F^ ( t y p e  H, F i g u r e  5 ) .  I n  t h e  F 2 , 
t h r e e  p h e n o t y p i c  c l a s s e s  we re  o b s e r v e d ,  t h e  two  p a r e n t a l
Table 4. The F2 and F3 seg rega tion  data a t the Dia2 locus  in  soybeans.
Cross F 2 seeds
F 2 genotype 
(by progeny te s t )
F j seeds from F2 
heterozygous p la n ts
D ia2-b y d ia2 
D ia2-b d ia2
AV68* X PI407.252
(typ e  1 X type 4)




D ia2-b D ia2-b  d ia2 
D ia2-b d ia2  d ia2
46 77 45
1.17 (0.2<P<0.3)




d ia2  y D ia2-b 
d ia2  D ia2-b
PI407.252 X AV68
(ty p e  4 X type 1)
109 33
0.24 (0.5<P<0.7)
*  AV68 is  G lyc ine  max ob ta ined  from AVRDC, Taiwan.
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and t h e  t h r e e - b a n d e d  The number  o f  p r o g e n y  i n  each
c l a s s  y i e l d e d  t h e  1 : 2 : 1  r a t i o  e x p e c t e d  f o r  s e g r e g a t i o n  
o f  t wo  c o d o m i n a n t  a l l e l e s  a t  a s i n g l e  l o c u s .  T h e r e  was no 
d i f f e r e n c e  b e t w e e n  r e c i p r o c a l  c r o s s e s .  O n l y  F 2 s ee d s  w i t h  
t h e  t h r e e - b a n d e d  p a t t e r n  s e g r e g a t e d  i n  t h e  F 3 g e n e r a t i o n  w i t h  
a r a t i o  o f  1 : 2 : 1 ( T a b l e  5 ) .  The r e s u l t s  i n d i c a t e  t h a t  
a n u c l e a r  l o c u s  w i t h  two c o d o m i n a n t  a l l e l e s  was r e s p o n s i b l e  
f o r  t h e  DIA zymogram v a r i a n t  o f  b an ds  11 and 12 i n  G. s o . j a . 
The l o c u s  was d e s i g n a t e d  as D i aA  and t h e  a l l e l e s ,  D i a 4 - a  
p r o d u c i n g  two  bands  w i t h  R f s '  0 . 6 8  and 0 . 7 5 ,  r e s p e c t i v e l y ,  
w h i l e  D i a A - b  p r o d u c i n g  one band  w i t h  R f  0 . 7 2 .
These  o b s e r v a t i o n s  r a i s e  an i n t e r e s t i n g  q u e s t i o n .  I n  
t y p e  1,  a s i n g l e  l o c u s  ( D i a A ) p r o d u c e s  two  DIA b a n d s ,  b u t  
t y p e  7 o n l y  one band ( F i g u r e  5 ) .  The q u e s t i o n  i s  "why does  
t y p e  7 p r o d u c e  o n l y  one b a n d ? "  T h e r e  a r e  a t  l e a s t  two  
p o s s i b l e  e x p l a n a t i o n s .  ( 1 )  One o f  t h e  (RNA) messages  
p r o d u c i n g  t h e  t wo  b a n ds  does  n o t  y i e l d  a f u n c t i o n a l  enzyme 
o r  ( 2 )  M u t a t i o n  o c c u r r e d  t o  one o f  t h e  two  messages  so t h a t  
t h e  p r o d u c t s  o f  t h e  t wo  messages  have  t h e  same m i g r a t i o n  
r a t e .  T h e r e  may be some o t h e r  e x p l a n a t i o n s .
Table 5. The F2 and F3 
Cross
D ia 4 -a /a  X D ia4 -b /b
PI486.220 X PI487.431 
(ty p e  1 X type  7) 
x 2 (1 : 2 : 1)
D ia 4 -b /b  X D ia 4 -a /a
P I487 .431 X PI486.220 
(ty p e  7 X type 1) 
x 2 (1 : 2 : 1)
seg reg a tion  data a t the
F2 seg rega tion  
D ia 4 -a /a  a /b  b /b
43 94 40
0 .78  (0 .3  < P < 0.5)
100 197 89
0.79 (0 .3  < P < 0 .5)
Dia4 locus  in  soybeans.
F3 seeds from 
2 heterozygous p la n ts
D ia 4 -a /a  a /b  b /b
13 19 7
1.87 (0.1 < P < 0.2)
19 58 27
2.61 (0.1 < P < 0.2)
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E n d o p e p t i d a s e s  (ENP)
P e p s i n ,  t r y p s i n  and c h y m o t r y p s i n  a r e  t e r m e d  e n d o p e p t i ­
d as e s  i n  t h a t  t h e y  can  c a t a l y z e  t h e  h y d r o l y s i s  o f  p e p t i d e  
bonds  i n  i n t e r i o r  p o s i t i o n s  o f  a p e p t i d e  c h a i n  ( F a i r l e y  
and K i l g o u r ,  1 9 6 6 ) .  The s u b s t r a t e  used  t o  v i s u a l i z e  ENP 
i s o z y m e s  i n  t h i s  s t u d y  was a l p h a - b e n z o y 1 - D L - a r g i n i n e -  6 -  
n a p h t h y l a m i d e . T r y p s i n  i s  mos t  a c t i v e  t o w a r d  p e p t i d e  bonds  
i n v o l v i n g  c a r b o x y l  g r o u p s  o f  t h i s  b a s i c  amino  a c i d s  ( F a i r l e y  
and K i l g o u r , 1 9 6 6 ) .
T h r e e  homoz yg ous  zymogram t y p e s  we re  o b s e r v e d  i n  t h e  
(3. s o j a  s t u d i e d  ( F i g u r e  6 ) .  Types  1,  2 and 3 each  had one 
a n o d a l  ENP b a n d ,  b u t  d i f f e r e d  i n  t h e i r  m o b i l i t y .  I t  was 
h y p o t h e s i z e d  t h a t  t h e  d i f f e r e n c e  among zymogram t y p e s  1,  2 
and 3 was c o n t r o l l e d  by a s i n g l e  l o c u s  w i t h  t h r e e  c o d o m i n a n t  
a l l e l e s .  The h y b r i d  b e t w e e n  p l a n t s  o f  d i f f e r e n t  t y p e s  
d i s p l a y e d  b o t h  p a r e n t a l  bands  w i t h o u t  i n t e r m e d i a t e  b a n d .
The l o c u s  was t e n t a t i v e l y  d e s i g n a t e d  as Enp l o c u s  w i t h  t h r e e  
a l l e l e s  as E n p - a  ( R f  0 . 3 3 ) ,  E n p - b  ( R f  0 . 3 6 )  and E n p - c  ( R f  
0 . 3 9 ) .  F u r t h e r  g e n e t i c  d a t a  a r e  needed  t o  s u p p o r t  t h e  
h y p o t h e s i s .
G l u t a m a t e  o x a l o a c e t i c  t r a n s a m i n a s e  (GOT, EC 2 . 6 . 1 . 1 )
The GOT b a n d i n g  p a t t e r n  o f  s o y b e a n s  can be s e p a r a t e d  
i n t o  t wo  z o n e s .  The f i r s t  b a n d i n g  zone c o n t a i n s  t h e  f i r s t  
t h r e e  s l o w  m o v i n g  b a n d s .  No m o b i l i t y  d i f f e r e n c e  was f o u n d  
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s t u d i e d .  We h y p o t h e s i z e  t h a t  two  i n t e r a c t i n g  l o c i  a r e  
r e s p o n s i b l e  i n  p r o d u c i n g  t h e s e  t h r e e  b a n d s .
T h r e e  m o b i l i t y  v a r i a n t s  we re  o b s e r v e d  i n  t h e  f o u r t h  
band o f  s o y b e a n  GOT z y m o g r a m s .  One l o c u s  w i t h  t h r e e  a l l e l e s  
i s  h y p o t h e s i z e d  t o  be r e s p o n s i b l e  f o r  t h e  v a r i a t i o n .  
T e n t a t i v e l y ,  t h e  l o c u s  i s  d e s i g n a t e d  as G o t , and t h r e e  
a l l e l e s  as G o t - a  p r o d u c i n g  band  R f  0 . 5 1 ,  G o t - b  band R f  0 . 5 3 ,  
and G o t - c  R f  0 . 5 6 .
N A D P - a c t i v e  i s o c i t r a t e  d e h y d r o g e n a s e  ( I D H ,  EC 1 . 1 . 1 . 4 2 )
N A D P - a c t i v e  i s o c i t r i c  d e h y d r o g e n a s e  i s o z y m e s  c a t a l y z e  
t h e  o x i d a t i o n  o f  i s o c i t r a t e  t o  a - k e t o g l u t a r a t e . Two 
e l e c t r o p h o r e t i c  band a r e a s  we re  o b s e r v e d  i n  t h e  c u l t i v a t e d  
and w i l d  s o y b e a n s ,  and w e r e  r e p o r t e d  as t h e  p r o d u c t s  o f  
f o u r  IDH l o c i  i n  s o y b e a n s  ( K i a n g  and Gorman,  1 9 8 5 ) .  I d h l  
and I d h 2  c ode  f o r  c y t o s o l  a s s o c i a t e d  i s o z y m e s  w h i c h  a r e  
t h e  t o p  band a r e a  o f  IDH,  w i t h  each  h a v i n g  two  c o d o m i n a n t  
a l l e l e s  ( I d h l - a , R f  0 . 4 9 ;  I d h l - b , R f  0 . 5 6 ;  I d h 2 - a , R f  0 . 5 6 ;
I d h 2 - b , R f  0 . 6 3 ) .  These  two  l o c i  i n t e r a c t  t o  f o r m  i n t r a -  
and i n t e r l o c u s  h e t e r o d i m e r s .  S i n c e  t h e  m o b i l i t y  o f  bands  
p r o d u c e d  by I d h l - b  and I d h 2 - a  i s  t h e  same,  t h e  g e n o t y p e  
homozygous  f o r  I d h l - b , I d h 2 - a  d i s p l a y s  one band p a t t e r n  
( t y p e  5,  F i g u r e  7A ) .
A new v a r i a n t  ( t y p e  4 and 6 o f  F i g u r e  7A) was o b s e r v e d  
i n  f o u r  p l a n t s  o f  S h i z u k u i s h i  p o p u l a t i o n  ( S ) ,  K i t a m k a m i  
r i v e r ,  J a p a n .  W i t h  t h r e e - b a n d e d  p a t t e r n  as n o r m a l  t y p e  1,  
t h e  t o p  t wo  b an ds  o f  t h i s  new v a r i a n t  have  s l o w e r  m o b i l i t i e s
41
(A) t y p e 3 4 6  1
Rf




•  t tt
I  dh2
I d h l
a b c c b a b b b b b
a b c a b a a b a a a
a a _b b b^ b^ b b a _b a_
a a b b b b b a a a a
( B )
band
0 . 3 7
0 . 2 9
0 . 2 6
I  dh3
I  dh4
I d h 3
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( R f  0 . 5 8  and R f  0 . 6 0 ) .  T h r e e  o f  t h e s e  f o u r  p l a n t s  b r e d  
t r u e ,  and d i s p l a y e d  t y p e  4 zymogram ( F i g u r e  7 A ) .  Seeds 
f r o m  t h e  f o u r t h  p l a n t  showed t y p e  4 o r  5 o r  6  zymogram 
( F i g u r e  7 A ) .  We h y p o t h e s i z e  t h a t  t h e  d i f f e r e n c e  b e t w e e n  
t y p e  1 and t y p e  4 i s  c o n t r o l l e d  by two a l l e l e s  a t  t h e  I d h 2  
l o c u s .  One a l l e l e  i s  I d h 2 - b , p r o d u c i n g  t h e  f a r t h e s t  a n o d a l  
band ( R f  0 . 6 3 )  o f  t y p e  1.  The o t h e r  n e w l y  o b s e r v e d  a l l e l e  
i s  t e n t a t i v e l y  d e s i g n a t e d  as I d h 2 - c  w h i c h  p r o d u c e s  t h e  
f a s t e s t  m i g r a t i n g  band  ( R f  0 . 6 0 )  o f  t y p e  4 .  The mid band o f  
t y p e  4 i s  t h e  i n t e r l o c u s  h e t e r o d i m e r  p r o d u c e d  by I d h l - b  and 
I d h 2 - c . The g e n o t y p e  o f  t y p e  6 ( F i g u r e  7A) a t  t h e  I d h 2  l o c u s  
i s  h e t e r o z y g o u s  ( I d h 2 - a / I d h 2 - c ) ,  so t h e  i n t e n s i t y  o f  i t s  
t o p  band  i s  much w e a k e r  when c ompa r ed  w i t h  t h e  t o p  band o f  
t y p e  4 w h i c h  i s  h om oz y g ous  f o r  t h e  I d h 2 - c  a l l e l e .
A t  t h e  b o t t o m  r e g i o n  o f  s o y b e a n  IDH zymogram,  t h r e e  
v a r i a n t s  d i f f e r i n g  i n  t h e  m o b i l i t y  o f  band 2  we re  r e p o r t e d  
as t h e  p r o d u c t s  o f  t h e  I d h 3  l o c u s  w i t h  t h r e e  a l l e l e s :  I d h 3 - a  
( R f  0 . 3 1 ) ,  I d h 3 - b  ( R f  0 . 3 7 )  and I d h 3 - c  ( R f  0 . 4 1 )  ( K i a n g  and 
Gorman,  1 9 8 5 ) .  The same zymogram v a r i a n t s  we re  a l s o  o b s e r v e d  
i n  t h e  p r e s e n t  s t u d y .
I n  t h i s  s t u d y  t wo  new v a r i a n t s  d i f f e r i n g  i n  t h e  band 
m o b i l i t y  ( R f ' s  0 . 2 9  and 0 . 2 6 )  ( F i g u r e  7B) we re  o b s e r v e d  i n  
t h e  f i r s t  band  o f  s o y b e a n  IDH z ymogr ams .  I n  t h e  F 2 , t h r e e  
p h e n o t y p i c  c l a s s e s  w e r e  o b s e r v e d ,  t h e  two p a r e n t a l  and t h e  
d o u b l e - b a n d e d  F ^ .  The number  o f  p r o g e n y  w i t h i n  each c l a s s  
y i e l d e d  t h e  1 : 2 : 1  r a t i o  e x p e c t e d  f o r  s e g r e g a t i o n  o f  two 
c o d o m i n a n t  a l l e l e s  a t  a s i n g l e  l o c u s ,  d e s i g n a t e d  as I d h 4 .
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O n l y  t h e  F 2 s ee d s  w i t h  t w o - b a n d e d  p a t t e r n  s e g r e g a t e d  i n  t h e  
F ,  w i t h  a r a t i o  o f  1 : 2 : 1 ( T a b l e  6 ) .  The t wo  a l l e l e s  
we re  d e s i g n a t e d  as I d h 4 - a  ( R f  0 . 2 6 )  and I d h 4 - b  ( R f  0 . 2 9 ) .
The g e n o t y p e s  o f  P I 4 8 7 . 4 2 9  and P I 4 0 7 . 2 3 3  a r e  I d h 2 - b /  
I d h 2 - b  I d h 4 - b / I d h 4 - b  and I d h 2 - a / I d h 2 - a  I d h 4 - a / I d h 4 - a , 
r e s p e c t i v e l y .  The F 2 f r o m  d i h y b r i d  c r o s s  ( P I 4 8 7 . 4 2 9  X 
P I 4 0 7 . 2 3 3 )  s e g r e g a t i n g  a t  t h e  I d h 2  and I d h 4  l o c i  showed no 
r e c o m b i n a n t  t y p e s .  T h u s ,  I d h 2  and I d h 4  l o c i  may be v e r y  
t i g h t l y  l i n k e d  so t h a t  no r e c o m b i n a n t  b e t w e e n  t h e  two l o c i  
was o b s e r v e d  i n  t h e  F 2 g e n e r a t i o n .  C r o s s i n g  o v e r  may n o t  
o c c u r  u n d e r  n a t u r a l  c o n d i t i o n s  s i n c e  I d h 2 - b  and I d h 4 - b  
a l w a y s  a p p e a r e d  t o g e t h e r  i n  a l l  t h e  seed  e x a m i n e d ,  so d i d  
I d h 2 - a  and I d h 4 - a . These  o b s e r v a t i o n s  c a n n o t  r u l e  o u t  t h e  
p o s s i b i l i t y  t h a t  t h e  b an ds  a r e  p r o d u c e d  by a s i n g l e  l o c u s .
L e u c i n e  a m i n o p e p t i d a s e  ( LAP,  EC 3 . 4 . 1 1 . 1 )
L e u c i n e  a m i n o p e p t i d a s e s  a r e  n o n s p e c i f i c  e x o p e p t i d a s e s  
w h i c h  h y d r o l y z e  t h e  p e p t i d e  bond a d j a c e n t  t o  a f r e e  - a m i n o  
g r o u p  o f  p e p t i d e s .  The enzyme i s  c a l l e d  L e u c i n e  a m i n o ­
p e p t i d a s e  b e c a u s e  i t  r e a c t s  r a p i d l y  w i t h  l e u c i n e  compou nds ,  
suc h  as L - l e u c i n e -  6 - n a p h t h y 1 - a m i d e  HC1, t h e  s u b s t r a t e  
used  t o  v i s u a l i z e  LAP i s o z y m e s  i n  s o y b e a n s .
Two e l e c t r o p h o r e t i c  v a r i a n t s  o f  LAP have  been o b s e r v e d  
i n  d r y  1C. s o j a  s e e d s .  The two v a r i a n t s  a r e  i n h e r i t e d  as 
c o d o m i n a n t  a l l e l e s  a t  one l o c u s ,  Lap 1 . The g e n e t i c  s y m b o l  
L a p l - a  and L a p l - b  a r e  a s s i g n e d  t o  s l o w  ( R f  0 . 4 9 )  and f a s t  
( R f  0 . 5 3 )  m i g r a t i n g  z y m og r ams ,  r e s p e c t i v e l y  ( K i a n g  ejt a l . ,
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Table 6 . The F 2 and F3 seg rega tion  data a t  the Idh4 locus  in  G lyc ine  so.ja.
F} seeds from
Cross F 2 seg rega tion  F 2 heterozygous p la n ts
Id h 4 -b /b  b /a  a /a  Id h 4 -b /b  b /a  a /a
Id h 4 -b /b  X Id h 4 -a /a
PI487.429 X PI407.233 146 282 119
x 2 (1 : 2 : 1) 3.19 (0 .05  < P < 0 .1 )
23 49 32
1.90 (0.1 < P < 0 .2 )
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1 9 8 5 ) .  The same zymograms  we re  a l s o  o b s e r v e d  i n  t h e  seed s  
e x a m i n e d  i n  t h i s  s t u d y .
M a l a t e  d e h y d r o g e n a s e  (MDH, EC 1 . 1 . 1 . 3 7 )
M a l a t e  d e h y d r o g e n a s e  c a t a l y z e s  t h e  r e a c t i o n  o f
L - m a l a t e  + NAD ----------------- > o x a l o a c e t a t e  + NADH2
O n l y  one MDH zymogram t y p e  w i t h  as many as s i x  c l e a r  bands  
was o b s e r v e d  i n  t h e  G. so. ja s eed s  s t u d i e d .  Gorman ( 1983 )  
o b s e r v e d  a 1 0 - b a n d e d  zymogram i n  180 _G. max c u l t i v a r s  and 
101 G. so. ja  a c c e s s i o n s .  Based  on b a n d ' s  m o b i l i t y ,  s u b -  
c e l l u l a r  d i s t r i b u t i o n  and coenzyme s p e c i f i c i t y ,  t h e  s i x  
c l e a r  bands  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  we r e  h y p o t h e s i z e d  
t o  be t h e  p r o d u c t s  o f  a t  l e a s t  f o u r  loci ( G o r m a n ,  1 9 8 3 ) .  
These  f o u r  h y p o t h e s i z e d  MDH l o c i  we re  used  i n  t h e  s u b ­
s e q u e n t  g e n e t i c  s t r u c t u r e  s t u d y  o f  G. s o / j a .
M a n n o s e - 6 - p h o s p h a t e  i s o m e r a s e  ( M P I ,  EC 5 . 3 . 1 . 8 )
M a n n o s e - 6 - p h o s p h a t e  i s o m e r a s e  a c t s  m a i n l y  t o  c o n v e r t  
m a n n o s e - 6 - p h o s p h a t e  i n t o  f r u c t o s e - 6 - p h o s p h a t e  ( L e h n i n g e r ,  
1 9 8 2 ) .  F o u r  homoz y gous  MPI zymograms ( t y p e s  1,  2 ,  3 and 4 ,  
F i g u r e  8 ) d i f f e r i n g  i n  t h e  m o b i l i t y  o f  t h e  two  MPI a n o d a l  
bands  we re  o b s e r v e d  i n  t h e  p r e s e n t  G.  so. j  a s t u d y .  The 
d i f f e r e n c e  o f  zymogram t y p e s  1,  2 and 3 was r e p o r t e d  as a 
r e s u l t  o f  a s i n g l e  n u c l e a r  l o c u s  ( M p i ) w i t h  t h r e e  c o d o m i n a n t  
a l l e l e s  M p i - a , M p i - b  and M p i - c  (Gorman e_t a_l. , 1983 ;  K i a n g
46
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and Gorman,  1 9 8 3 ) .  I n  t h e  p r e s e n t  s t u d y ,  we r e p o r t  t h a t  
t h e  f o u r t h  m i g r a t i n g  v a r i a n t  ( t y p e  4 ,  F i g u r e  8 ) i s  t h e  
p r o d u c t  o f  a f o u r t h  c o d o m i n a n t  a l l e l e  a t  t h e  Mp i  l o c u s ,  
d e s i g n a t e d  M p i - d .
D a t a  i n  T a b l e  7 show t h a t  c r o s s e s  b e t w e e n  t y p e  4 and 
t y p e  3 p l a n t s  as w e l l  as t y p e  4 and t y p e  2 p l a n t s  r e s u l t e d  
i n  a 1 : 2 : 1 s e g r e g a t i o n  r a t i o  i n  F 2 s e e d s .  The 
h e t e r o z y g o u s  zymogr ams  d i s p l a y e d  b o t h  p a r e n t a l  b a n d s ,  and 
a 1 : 2 : 1 s e g r e g a t i o n  r a t i o  was f o u n d  i n  t h e  F,  s ee d s  
h a r v e s t e d  f r o m  h e t e r o z y g o u s  F 2 p l a n t s .
I n  summary ,  t h e  f o u r  c o d o m i n a n t  a l l e l e s  o f  Mp i  l o c u s
and t h e  R f  v a l u e s  o f  MPI zymogram t h e y  p r o d u c e  a r e  as
f o l l o w i n g :  ( 1 )  M p i - a  ( R f  0 . 6 1  and 0 . 5 6  two b an ds  o f  t y p e  1
z y m o g r a m ) ,  ( 2 )  M p i - b  ( R f  0 . 5 6  and 0 . 7 0 ,  t y p e  2 ) ,  ( 3 )  M p i - c
( R f  0 . 7 1  and 0 . 7 5 ,  t y p e  3 ) ,  and ( 4 )  M p i - d  ( R f  0 . 7 6  and 0 . 8 0 ,  
t y p e 4 ) ( F i g u r e 8 ) .
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TAble 7. The F2 and F 
Cross
3 seg rega tion  data a t  
F 2 segrega tion
the Mpi locus in  soybeans.
F j  seeds from 
F 2 heterozygous p la n ts
M p i-d /d  d /c  c /c M p i-d /d  d /c  c /c
M p i-c /c  X M p i-d /d
P I407.233 X P I4 0 7 .192 94 221 107 9 12 9
( type  3 X type 4)
x 2 ( 1  : 2  : 1 ) 1.75 (0.1<P<0.2) 2.1 ( 0 . 1<P<0.2)
M p i-d /d  d/b b/b M p i-d /d  d /b  b /b
M p i-b /b  X M p i-d /d
PI407.223 X P I407.192 127 277 151 46 79 43
( type  2 X type 4)
x 2 ( 1  : 2 : 1 ) 2.07 ( 0 . 1<P<0.2) 0.70 (0.3<P<0.5)
P I487.428 X P I407.192 59 128 6 8
( typ e  2 X type 4)
x 2 ( 1  : 2  : 1 ) 0 .64 (0.3<P<0.5)
M p i-b /b  a /b  a/a M p i-b /b  a /b  a /a
M p i-b /b  X M p i-a /a
Amsoy X Wilson 53 102 52 27 54 30
(type  2 X type 1)
x 2 ( 1  : 2  : 1 ) 0.05 (0.8<P<0.9) 0.24 (0.5<P<0.7)
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6 - P h o s p h o q l u c o n a t e  d e h y d r o g e n a s e  (PGP,  EC 1 . 1 . 1 . 4 4 )
6 - P h o s p h o g l u c o n a t e  d e h y d r o g e n a s e  f u n c t i o n s  s p e c i f i c a l l y  
i n  t h e  o x i d a t i v e ,  p h o s p h o g l u c o n a t e  p e n t o s e  p h o s p h a t e  p a t h w a y  
t o  o x i d i z e  and d e c a r b o x y l a t e  6 - p h o s p h o g l u c o n a t e  ( L e h n i n g e r ,  
1982 )  .
F o u r - b a n d e d  PGD zymograms were  o b s e r v e d  i n  t h e  p r e s e n t  
G. so. ja s t u d y  ( F i g u r e  9 ) .  A l l  o f  t h e  o b s e r v e d  zymograms  
r e s u l t i n g  f r o m  h o m o z y g o t e s  o f  d i f f e r e n t  a l l e l e s  a r e  i n c l u d e d .  
A mode l  o f  two  i n t e r a c t i n g  n u c l e a r  l o c i  ( P g d l  and P q d 2 ) 
p r o d u c i n g  bands  1,  2 and 3 w i t h  band 2 t h e  i n t e r l o c u s  
h e t e r o d i m e r  o f  band 1 and 3 was r e p o r t e d  by Gorman e_t a l . 
( 1 9 8 3 )  and K i a n g  and Gorman ( 1 9 8 3 ) .
T h r e e  m i g r a n t s  o f  d i f f e r e n t  m o b i l i t y  ( R f s 1 0 . 3 6 ,  0 . 4 2  
and 0 . 5 0 )  we re  f o u n d  i n  band 1 o f  s o y b e a n  PGD z y m og r a ms .
Two o f  t h e s e  t h r e e  v a r i a n t s  we re  r e p o r t e d  t o  be c o n t r o l l e d  
by a n u c l e a r  l o c u s  P g d l  w i t h  two c o d o m i n a n t  a l l e l e s ,  P g d l - a  
( p r o d u c i n g  a band a t  R f  0 . 3 6 )  and P g d l - b  ( p r o d u c i n g  a band  
a t  R f  0 . 4 2 )  (Gorman e_t a_l. , 1983 ;  K i a n g  and Gorman,  1 9 8 3 ) .
The t h i r d  v a r i a n t  i s  o b s e r v e d  o n l y  i n  G. so j_a. A 1 : 2 : 1 
s e g r e g a t i o n  r a t i o  was o b s e r v e d  i n  t h e  F 2 and t h e  p r o g e n y  o f  
t h e  F 2 h e t e r o z y g o t e  i n  F 3 g e n e r a t i o n s  o f  c r o s s e s  i n v o l v i n g  
t h e s e  t h r e e  band 1 v a r i a n t s  ( T a b l e  8 ) .  The r e s u l t s  i n d i c a t e  
t h a t  a t h i r d  a l l e l e ,  d e s i g n a t e d  P g d l - c , i n  l o c u s  P g d l  i s  
r e s p o n s i b l e  f o r  t h e  t h i r d  v a r i a n t  o f  band 1 ( R f  0 . 5 0 ) .
T h e r e  we re  a l s o  t h r e e  d i f f e r e n t  m i g r a t i n g  r a t e s  o f  band  
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Table 8. The F 2 and F3 seg rega tion  data o f  Pgdl locus in  soybeans
F j seeds from
cross F2 genera tion_____ F2 heterozygous p la n ts
P q d l-a /a a/b b/b P qd i- a/a a/b b/b
P g d l-a /a X P g d l-b /b
AV 6 8 X PI407 .252 36 75 45 29 48 25
x 2 ( 1 : 2  : 1 ) 1.27 (0 .2  < P < 0.3) 0.67 (0.3 < P < 0.5)
AV 6 8 X PI407.260 89 183 90 23 50 31
x 2 ( 1 • 2  : 1 ) 0 .05 (0 .8  < P < 0.9) 1.39 ( 0 . 2 < P < 0 .3 )
P g d l-b /b X P q d l-a /a
P I407.252 X AV 6 8 36 73 33 12 29 11
x 2 ( 1 : 2 : 1 ) 0.30 (0 .5  < P < 0.7) 0.74 (0.3 < P < 0.5)
AV 62 X PI424.032 2 1 0 408 230 31 43 30
x 2 ( 1 • 2 : 1 ) 2.15 (0 . 1 < P < 0 . 2 ) 3.14 (0.05< P < 0 . 1 )
P q d l-b /b b /c c /c Pqdl-Io/b b /c c /c
P g d l-b /b X P q d l-c /c
AV 62 X P I407 .160 84 165 72 48 113 47
x 2 ( 1 • 2 : 1 ) 1.13 (0 . 2 < P < 0.3) 1.57 ( 0 . 2 < P < 0.3)
P g d l-c /c X P g d l-b /b
P I4 0 7 .160 X AV 62 177 365 186 36 94 39
x 2 ( 1 2  : 1 ) 0.23 (0 .5  < P < 0.7) 2.24 ( 0 . 1 < P < 0 . 2 )
P I407.262 X P I407 .233 29 69 38
x 2 ( 1 • 2  : 1 ) 1 . 2 2  ( 0 . 2 < P < 0.3)
P q d l-a /a a /c c /c P q d l-a /a a /c c /c
P q d l-a /a X P q d l-c /c
PI424.032 X PI407 .160 48 105 55 33 63 45
x 2 ( 1 : 2  : 1 ) 0.49 (0 . 3 < P < 0.5) 3.64 ( 0 . 05< P < 0 .1 )
P q d l-c /c X P q d l-a /a
P I407.160 X PI424 .032 126 219 1 2 2 38 73 31
x 2 ( 1 ; 2  : 1) 1.87 (0 . 1 < P < 0 . 2 ) 0.81 (0.3 < P < 0.5)
P I407.262 X PI424.045 15 40 15
x 2 ( 1 I 2  : 1 ) 1.43 (0 .2  < P < 0.3)
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d a t a  ( T a b l e  9)  s u p p o r t  o u r  h y p o t h e s i s  t h a t  t h r e e  c o d o m i n a n t  
a l l e l e s  a r e  r e s p o n s i b l e  f o r  t h e  o b s e r v e d  zymogram d i f f e r e n c e .  
They we re  d e s i g n a t e d  as P q d 2 - a  ( R f  0 . 5 4 ) ,  P q d 2 - b  ( R f  0 . 6 2 )  
and P q d 2 - c  ( R f  0 . 6 8 ) ,  r e s p e c t i v e l y .
A s i n g l e - b a n d e d  zymogram w i t h  r e s p e c t  t o  b a n ds  1,  2 
and 3 was o b s e r v e d  i n  s e v e r a l  G. so. j  a seed  a c c e s s i o n s  by 
Gorman ( t y p e  3 i n  F i g .  13 o f  Gorman,  1 9 8 3 ) .  He p r o p o s e d  
t h a t  t h e  P q d 2 - a / a  w i t h  a r e c e s s i v e  n u l l  a l l e l e  a t  t h e  P g d l  
l o c u s  was r e s p o n s i b l e  f o r  t h e  o b s e r v e d  z ymogr am.  H o w e v e r ,  
when t h e s e  seed  we re  e x a m i n e d  w i t h  6 % a e r y l a m i d e + 4 %  s t a r c h  
g e l ,  a t h r e e - d i s t i n c t - b a n d  zymogram was o b s e r v e d  ( t y p e  3,  
F i g u r e  9 ) .  The 6 % a c r y l a m i d e + 4 %  s t a r c h  g e l  y i e l d s  b e t t e r  
r e s o l u t i o n  f o r  t h e  PGD zymogram t h a n  t h e  7% a c r y l a m i d e +
2% s t a r c h  g e l  w h i c h  was used  by Gorman.  The g e n o t y p e  o f  
t h e  seed  ( t y p e  3 ,  F i g u r e  9)  w i t h  r e s p e c t  t o  t h e  P g d l  and 
Pqd2 l o c i  i s  P q d l - c / c , P q d 2 - a / a . The m o b i l i t i e s  o f  bands  
p r o d u c e d  by t h e s e  two  a l l e l e s  ( R f  0 . 5 0 ,  0 . 5 4 )  and t h e i r  
i n t e r l o c u s  h e t e r o d i m e r  band ( R f  0 . 5 2 )  a r e  n o t  much 
d i f f e r e n t .  I n  t h e  p r e s e n t  s t u d y ,  a o n e - b a n d  p a t t e r n  w i t h  
r e s p e c t  t o  band 1 t o  3 ( t y p e  6 , F i g u r e  9)  was f o u n d  o n l y  i n  
p o p u l a t i o n s  o f  G a n d a i  (G)  and S h i z u k u i s h i  ( S )  o f  J a p a n .
Seeds f r o m  one p l a n t  i n  t h e  S h i z u k u i s h i  p o p u l a t i o n  
s e g r e g a t e d  f o r  t h e  t h r e e  and one band p h e n o t y p e s  among 
e i g h t  seed s  e x a m i n e d  ( 6  t h r e e - b a n d  ; 2 o n e - b a n d  p h e n o t y p e s ) .  
T h u s ,  a r e c e s s i v e  n u l l  a l l e l e  i s  h y p o t h e s i z e d  t o  be 
r e s p o n s i b l e  f o r  t h e  l a c k  o f  PGD a c t i v i t y  i n  b an ds  1 and 2 
o f  t y p e  6  zymogram ( F i g u r e  9 ) .  More i n h e r i t a n c e  d a t a  a r e
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Table 9. The F 2 and F} seg rega tion  data o f  locus Pgd2 in  soybeans
F 2 genera t ion  F 3 seeds from
cross F2 heterozygous p la n ts
Pqd2-a/a a/b b/b Pqd2-a/a a/b b/b
Pgd2-a/a x Pgd2-b/b
PI487.428 x P I407 .192 62 140 53
x 2 ( 1  : 2  : 1 ) 3.09 (0.05< P <0 . 1 )
AV 62 x P I4 0 7 .160 59 92 56 53 115 50
x 2 ( 1  : 2 : 1 ) 2.65 (0 .4  '  P < 0 .5) 0.74 (0 .3 < P < 0.5)
PI424.032 x P I407 .160 56 1 0 0 52 12 31 9
x 2 ( 1  : 2  : 1 ) 0.46 (0 .3  < P < 0.5) 2.27 (0 .4 < P < 0.5)
PI407.233 x P I4 0 7 .192 126 268 125
x 2 ( 1  : 2  : 1 ) 0.56 (0 .3  < P < 0.5)
Pgd2-b/b x Pgd2-a/a
P I407.160 x AV 62 170 359 199 23 63 31
x 2 ( 1  : 2 : 1 ) 2.45 (0. 1 < P < 0 . 2 ) 1.79 (0.1 < P < 0 . 2 )
P I407.160 x PI424.032 1 2 0 242 105 1 0 30 1 2
x 2 ( 1  : 2  : 1 ) 1.58 (0 .2  < P < 0.3) 1.39 (0 .2 < P < 0.3)
Pqd2-a/a a /c c /c Pqd2-a/a a /c c /c
Pqd2-a/a x Pqd2-c/c
AV 6 8  x P I407 .252 34 77 45 2 2 51 29
x 2 ( 1  : 2 : 1 ) 1.57 (0 .2  < P < 0 .3 ) 0.96 (0 .3 < P < 0.5)
Pqd2-c/c x Pqd2-a/a
P I407.252 x AV 6 8  
x 2 ( 1  : 2 : 1 )
39 71 32
0.70 (0 .3  < P < 0 .5)
15 27 10
1.04 (0 .3  < P < 0.5)
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needed  t o  c o n f i r m  t h i s  h y p o t h e s i s .
F i g u r e  10A shows a c l e a r  i n t r a l o c u s  band  f o r m e d  i n  
h e t e r o z y g o t e s  b e t w e e n  P q d 2 - a  and P q d 2 - b . When a c r o s s  was 
made b e t w e e n  p l a n t s  w i t h  d i f f e r e n t  a l l e l e s  i n  b o t h  P g d l  
and Pqd2 l o c i ,  n i n e  zymogram p h e n o t y p e s  w e r e  o b t a i n e d  as 
d e m o n s t r a t e d  i n  F i g u r e  11 .  The d i h y b r i d  s e g r e g a n t s  c o n s i s t  
o f  a d o u b l e  h e t e r o z y g o u s  t y p e ,  f o u r  s i n g l e  h e t e r o z y g o u s  
t y p e s  and f o u r  homoz yg ous  t y p e .  The d i h y b r i d  s e g r e g a t i o n  
d a t a  f o r  P g d l  and Pqd2 l o c i  ( T a b l e  10)  i n d i c a t e  t h a t  t h e s e  
t wo  l o c i  a r e  n o t  l i n k e d .
A l l  o f  t h e  G. so.j a see d s  e x a m i n e d  showed a PGD f o u r t h  
band a t  R f  0 . 6 4  e x c e p t  seed s  o f  P I 4 8 6 . 2 2 0  f r o m  M i s h i m a ,  
J a p a n .  The m o b i l i t y  o f  t h e  PGD f o u r t h  band i n  P I 4 8 8 . 2 2 0  i s  
a t  R f  0 . 6 0  ( t y p e  8 , F i g u r e  9 ) .  R e c i p r o c a l  c r o s s e s  b e t w e e n  
P I 4 8 6 . 2 2 0  and P I 4 8 7 . 4 3 1  ( t y p e  1,  F i g u r e  9 )  d i s p l a y e d  a 
t h r e e - b a n d e d  p a t t e r n  ( t w o  p a r e n t a l  and one i n t e r m e d i a t e  
b a n d s )  i n  t h e  F^ s eed  ( F i g u r e  1 0 B ) ,  and a 1 : 2 : 1 
s e g r e g a t i o n  r a t i o  i n  t h e  F 2 g e n e r a t i o n .  O n l y  p r o g e n y  f r o m  
t h r e e - b a n d e d  seed s  s e g r e g a t e d  i n  t h e  F 3 , i n  a 1 : 2 : 1 
r a t i o  ( T a b l e  1 1 ) .  A l l  t h e s e  r e s u l t s  i n d i c a t e  a n u c l e a r  
s i n g l e  l o c u s ,  d e s i g n a t e d  P g d 3 , w i t h  two c o d o m i n a n t  a l l e l e s ,  
P g d 3 - a  and P q d 3 - b  i s  r e s p o n s i b l e  f o r  t h e  v a r i a n t  zymogram 
o f  PGD f o u r t h  b a n d .  The h om o d i m e r  o f  P g d 3 - a  p r o d u c e s  a 
band a t  R f  0 . 6 0 ,  and t h e  P q d 3 - b  p r o d u c e s  a band  a t  R f  0 . 6 4 ,  
and t h e i r  h e t e r o d i m e r  f o r m s  t h e  i n t e r m e d i a t e  band a t  R f  
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F i g u r e  11.  N i n e  p h e n o t y p e s  o f  d i h y b r i d  s e g r e g a n t s  f r om 
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ab^dB N X2 P
PI407.160 X PI424.032 c b 33 28 33 32 61 61 45 54 120 467 5.03 0.7a a
PI424.032 X PI407.160 ac
a
b 10 18 15 13 27 20 21 31 53 208 6.28 0.5
PI407.160 X AV62 c b 35 47 57 45 84 74 87 78 201 728 12.7 0.1b a
AV62 X PI407.160 b a 14 13 15 1 5 24 14 27 31 54 207 7.53 0.4c b
*  A and B represen t Pgdl and Pgd2 l o c i ,  r e s p e c t iv e ly .
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Table 11. The F2 and 
Cross
Pqd3-a/a X Pqd3-b/b
PI486.220 X P I487.431 
x 2 (1 : 2 : 1)
Pqd3-b/b X Pqd3-a/a
PIA87.A31 X PIA86.220 
x 2 (1 : 2 : 1)
3 seg rega tion  data a t
F 2 genera t ion  
Pqd3-a/a a /b  b/b
114 205 104
0.87 (0 .3  < P < 0 .5)
77 155 78
0.01 (0 .9  < P <0.95)
Pqd3 locus  in  soybeans.
F j seeds from 
F2 heterozygous p la n ts
Pqd3-a/a a/b  b/b
26 48 26
0.16 (0 .5  < P < 0 .7 )
28 68 36
1.09 (0 . 2  < P < 0.3)
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P h o s p h o q l u c o s e  i s o m e r a s e  ( P G I ,  EC 5 . 3 . 1 . 9 )
P h o s p h o g l u c o s e  i s o m e r a s e  c a t a l y z e s  t h e  s p e c i f i c  
r e v e r s i b l e  r e a c t i o n :
D - g l u c o s e - 6 - p h o s p h a t e  <-----------> D - f r u c t o s e - 6 - p h o s p h a t e
( L e h n i n g e r , 198 2 )  .
The s o y b e a n  PGI zymogram d i s p l a y s  s i x  a n o d a l  b a n d s .
S i x  h om oz yg ous  zymogram t y p e s  we re  o b s e r v e d  i n  t h e  p r e s e n t  
s t u d y  ( F i g u r e  1 2 ) .  A c l u s t e r  o f  t h r e e - b a n d  p a t t e r n  ( R f s 1 
0 . 4 3 ,  0 . 4 4  and 0 . 4 5 )  a t  t h e  l o w e r  band r e g i o n  was o b s e r v e d  
i n  t y p e s  3 ,  4 and 5 ,  w h i l e  o n l y  band 3 ( R f  0 . 4 5 )  a p p e a r e d  
i n  t y p e  1 z ymogr am.  We h y p o t h e s i z e  t h a t  two i n t e r a c t i n g  
l o c i  p r o d u c e  t h i s  3 - b a n d  c l u s t e r ,  w i t h  band 1 and band 3 
t h e  h o m o d i m e r s  p r o d u c e d  by each  o f  t h e  two  l o c i ,  and band 2 
t h e  i n t e r l o c u s  h e t e r o d i m e r .  A r e c e s s i v e  n u l l  a l l e l e  i s  
f u r t h e r  h y p o t h e s i z e d  t o  be r e s p o n s i b l e  f o r  t h e  l a c k  o f  
bands  1 and 2 i n  zymogram t y p e  1.  A c r o s s  i n v o l v i n g  t y p e  1 
( AV68)  and t y p e  3 ( P I 4 2 4 . 0 3 2 )  r e s u l t e d  i n  a 3 : 1 [ 8 0  
( 3 - b a n d  t y p e  3)  : 24 ( 1 - b a n d  t y p e  1 ) ]  s e g r e g a t i o n  r a t i o  i n  
t h e  F 2 s ee d s  as e x p e c t e d  i n  a d o m i n a n t - r e c e s s i v e  m o d e l .
The l o c u s  w i t h  t h e s e  two d o m i n a n t  and r e c e s s i v e  a l l e l e s  was 
d e s i g n a t e d  as P q i 2 , w i t h  P q i 2  f o r  t h e  d o m i n a n t  and p q i 2  f o r  
t h e  r e c e s s i v e  a l l e l e .  The l o c u s  w h i c h  p r o d u c e s  band 3 was 
d e s i g n a t e d  as P q i 3 . The a c t i v i t y  o f  t h e  P q i 2  l o c u s  i s  
much w e a k e r  t h a n  t h e  l o c u s  P q i 3 .
A t h i r d  PGI l o c u s ,  P q i 1 , was r e p o r t e d  t o  p r o d u c e  






















































— ■ ■ ■
m j l j i
m
* * "
b a b p q i i a
a a b p g i i a
b b b b b
b b b b b
+ + + + _
F igu re  12. PGI zymograms o f  soybeans. — is  the homozygote o f  
p q i2 / p q i2 , — is  the homozygote o f  Pq i2 / Pqi2 or 









h om od i me r  band 6 .  The se  monomer  u n i t s  a l s o  i n t e r a c t  w i t h  
t h e  p r o d u c t  o f  P q i 3  t o  f o r m  i n t e r l o c u s  h e t e r o d i m e r  band 5 
(Gorman e_t a^.. , 1 98 3 ;  K i a n g  and Gorman,  1 9 8 3 ) .  Among t h e  
o b s e r v e d  t h r e e  v a r i a n t s  w i t h  r e s p e c t  t o  b an ds  5 and 6 ,  two 
d i f f e r e d  i n  m o b i l i t y  w h i l e  one l a c k e d  a c t i v i t y  (Gorman 
e t  a l . , 1 98 3 ;  K i a n g  and Gorman,  1 9 8 3 ) .  S i m i l a r  zymogram 
v a r i a n t s  a r e  o b s e r v e d  i n  t h e  p r e s e n t  _G. s o j a  s t u d y .  The 
two m o b i l i t y  v a r i a n t s  ( t y p e  1,  R f ' s  o f  bands  5 and 6 a r e  
0 . 5 7  and 0 . 6 7 ;  t y p e  3 ,  R f ' s  o f  bands  5 and 6 a r e  0 . 5 2  and 
0 . 5 8 )  we re  r e p o r t e d  as a c o n s e q u e n c e  o f  two c o d o m i n a n t  
a l l e l e s  P g i l - b  and P g i l - a  a t  t h e  l o c u s  P g i  1 (Gorman et_ a l . , 
1 98 3 ;  K i a n g  and Gorman,  1 9 8 3 ) .  A c r o s s  b e t w e e n  p l a n t s  o f  
t y p e  1 and 3 (AV68 X P I 4 2 4 . 0 3 2 )  was made i n  t h e  p r e s e n t  
s t u d y .  The h e t e r o z y g o t e  showed b o t h  p a r e n t a l  b a n d s  and a 
new i n t r a l o c u s  h y b r i d  band  a t  R f  0 . 6 4  ( t y p e  H I ,  F i g u r e  1 2 ) .
A 1 : 2 : 1 ( 31  t y p e  1 : 50 t y p e  HI  : 23 t y p e  3 ,  x 2 = 1 . 3 9 ,
P = 0 . 2 )  was o b t a i n e d  i n  t h e  F 2 s e e d s ,  and o n l y  F 2 seed s  
w i t h  t h e  HI  t y p e  zymogram s e g r e g a t e d  i n  t h e  F ,  g e n e r a t i o n .  
Our  r e s u l t s  a l s o  s u p p o r t  t h e  h o m o - h e t e r o d i m e r  r e l a t i o n s h i p  
b e t w e e n  l o c i  P g i 1 and P q i 3 . Zymogram t y p e  5 ( F i g u r e  12)  
l a c k s  b o t h  b a n ds  5 and 6 ,  and i s  l i k e l y  p r o d u c e d  by a 
r e c e s s i v e  a l l e l e  ( t e n t a t i v e l y  d e s i g n a t e d  p g i 1 ) a t  t h e  l o c u s  
P £ i l .
T a b l e  12 shows t h e  g e n e t i c  d a t a  o f  c r o s s  b e t w e e n  p l a n t s  
w i t h  zymograms t y p e  2 and t y p e  4 ( F i g u r e  1 2 ) .  B o t h  p a r e n t  
p l a n t s  have  b an ds  3,  4 ,  5 and 6 ,  b u t  d i f f e r  i n  t h e  m o b i l i t y  
o f  bands  3 ,  4 and 5 ( R f ' s  o f  0 . 4 2 ,  0 . 4 5  and 0 . 5 5  i n  t y p e  2;
Table 12. The F2 and F, segregarion  data a t  the Pqi3 locus  o f  soybeans.
F2 gene ra t ion  F3seeds from
F2 heterozygous p la n ts
P q i3 -b /b  x P q i3 -a /a
P q i3 -a /a a/b b/b P q i3 -a /a a/b b/b
AV 68 x PIA07.260 
( type  A x type 2) 













P q i3 -a /a  x P q i3 -b /b
PIA07.260 x AV 68 
( type  2 x type A) 











AV 68 i s  G. max ob ta ined  from AVRDC, Taiwan. PIA07.260 i s  G. so.ja 
from South Korea.
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R f ' s  o f  0 . 4 5 ,  0 . 4 9  and 0 . 5 7  i n  t y p e  4 ) .  H e t e r o z y g o t e s  
d i s p l a y  b o t h  p a r e n t a l  bands  as w e l l  as a new i n t r a l o c u s  
h y b r i d  d i m e r  band a t  R f  0 . 4 3 5  ( t y p e  H2,  F i g u r e  1 2 ) .  A 
i  : 2 : 1 F 2 s e g r e g a t i o n  r a t i o  was f o u n d  i n  b o t h  r e c i p r o c a l  
c r o s s e s ,  and o n l y  F 2 seed s  w i t h  H2 zymogram t y p e  s e g r e g a t e d  
i n  t h e  F , g e n e r a t i o n .  The r e s u l t s  i n d i c a t e  t h a t  t h e  
zymogram d i f f e r e n c e s  b e t w e e n  t y p e  2 and t y p e  4 w i t h  r e s p e c t  
t o  bands  3 ,  4 ,  5 and 6 a r e  t h e  c o n s e q u e n c e  o f  a s i n g l e  
n u c l e a r  l o c u s ,  P q i 3 , w i t h  t wo  c o d o m i n a n t  a l l e l e s ,  d e s i g n a t e d  
as P q i 3 - a  ( R f  0 . 4 2 )  and P q i 3 - b  ( R f  0 . 4 5 ) .  The h y p o t h e s i s  
t h a t  P q i l  and P q i 3  i n t e r a c t  t o  p r o d u c e  a t h r e e - b a n d ,  homo­
h e t e r o d i m e r  c o m p l e x  m ode l  i s  f u r t h e r  c o n f i r m e d  by t h i s  
r e s u l t ,  s i n c e  t h e  d i f f e r e n t  m o b i l i t y  i n  P q i 3 - a  and P q i 3 - b  
a l t e r  t h e  m o b i l i t y  o f  t h e i r  i n t e r l o c u s  band  5 w i t h  P g i 1 - b .
U s i n g  c e l l  f r a c t i o n a t i o n  t e c h n i q u e ,  Gorman ( 1 9 8 3 )  
r e p o r t e d  t h a t  i n  s o y b e a n  PGI zymogram,  bands  3 ,  5 and 6 we re  
a c t i v e  i n  t h e  c y t o s o l  and t h e  i n v a r i a n t  band 4 i n  p l a s t i d s .  
Gorman ( 1 9 8 3 )  t h u s  h y p o t h e s i z e d  t h a t  band 4 i s  t h e  p r o d u c t  
o f  a d i s t i n c t  PGI l o c u s .  H o w e v e r ,  b e c a u s e  t h e  m o b i l i t y  o f  
band 4 was a l t e r e d  t o g e t h e r  w i t h  band 3 i n  p r e s e n t  s t u d y ,  
b o t h  bands  may be c o n t r o l l e d  by a s i n g l e  l o c u s .  Bec aus e  
o f  t h e  weak a c t i v i t y  o f  band 4 and i t s  o v e r l a p i n g  m i g r a t i o n  
r a t e  w i t h  o t h e r  PGI b a n d s ,  i t  i s  d i f f i c u l t  t o  s t u d y  t h e  
i n h e r i t a n c e  o f  PGI band  4.
A c r o s s  b e t w e e n  p l a n t s  o f  t y p e  2 and t y p e  3 ( F i g u r e  12)  
was s t u d i e d  f o r  t h e  l i n k a g e  a n a l y s i s  o f  P q i l  and P q i 3 . The 
g e n o t y p e s  o f  t y p e s  2 and 3 f o r  t h e s e  two  l o c i  a r e  P q i l - b ,
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P q i 3 - a  and P q i l - a , P q i 3 - b , r e s p e c t i v e l y .  S i n c e  P q i l - a  and 
P q i l - b  a r e  c c d o m i n a n t ,  so a r e  P q i 3 - a  and P q i 3 - b , n i n e  
g e n o t y p e s  as w e l l  as p h e n o t y p e s  among t h e  d i h y b r i d  F 2 
p r o g e n y  can be d i s t i n g u i s h e d .  L i n k a g e  a n a l y s i s  showed t h a t  
P g i l  and P g i 3  a s s o r t e d  i n d e p e n d e n t l y  ( T a b l e  1 8 ) .
P h o s p h o q l u c o m u t a s e  (PGM, EC 2 . 7 . 5 . 1 )
P h o s p h o g l u c o m u t a s e  i s o z y m g e s  c a t a l y z e  t h e  r e v e r s i b l e  
r e a c t i o n :  ( L e h n i n g e r ,  1 9 8 2 ) .
M
g l u c o s e - l - p h o s p h a t e  <------ =------------- > g l u c o s e - 6 - p h o s p h a t e
T h e r e  a r e  two  z o n e s  o f  PGM b a n d i n g  p a t t e r n  o b s e r v e d  i n  
s o y b e a n s .  The f i r s t  has  a s i m p l e  b a n d ,  band 1.  Two 
v a r i a n t s  o f  band 1 d i f f e r i n g  i n  m o b i l i t y  w e r e  r e p o r t e d  by 
K i a n g  and Gorman ( 1 9 8 3 )  as a c o n s e q u e n c e  o f  a n u c l e a r  l o c u s  
P q m l , w i t h  two  c o d o m i n a n t  a l l e l e s ,  P q m l - a  ( p r o d u c i n g  t h e  
R f  0 . 5 1  b a n d )  and P q m l - b  ( p r o d u c i n g  t h e  R f  0 . 5 4  b a n d ) .  The 
same o b s e r v a t i o n s  w e r e  made i n  t h e  p r e s e n t  s t u d y .
The s e c o n d  b a n d i n g  zone  o f  PGM has f i v e  homozygous  
zymogram t y p e s  ( F i g u r e  1 3 ) .  Zymogram t y p e s  1 and 2 have  a 
weak band 3 ( R f  0 . 7 4 )  and a s t r o n g  band 2 ,  b u t  d i f f e r  i n  
t h e i r  band 2 m o b i l i t y  ( R f  0 . 6 9  and 0 . 6 4 ,  r e s p e c t i v e l y ) ;  
t y p e  5 has a weak band  2 and a s t r o n g  band 3 ,  w i t h  t h e  same 
m i g r a t i o n  r a t e s  as t h o s e  o f  t y p e  1.  Zymogram t y p e s  3 and 4 
have  o n l y  one s L r o n g  band a t  R f  0 . 6 9  and 0 . 7 4 ,  r e s p e c t i v e l y  
We h y p o t h e s i z e d  t h a t  a s i n g l e  n u c l e a r  l o c u s  w i t h  t h r e e  
c o d o m i n a n t  a l l e l e s  i s  r e s p o n s i b l e  f o r  t h e  t h r e e  d i f f e r e n t
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F igu re  13. PGM zymogram o f  soybeans.
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F igu re  14. The th ree  F 2 phenotypes o f  Pgm3 allozymes 
o f  cross between type 1 and type 3 p la n ts .
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m i g r a t i o n  r a t e s  o f  s t r o n g  b a n d s :  R f  0 . 6 4  o f  t y p e  2 ,  R f  0 . 6 9  
o f  t y p e s  1 and 3,  and R f  0 . 7 4  o f  t y p e s  4 and 5 .  The 
s e g r e g a t i o n  d a t a  o f  t h e  F 2 and F 3 o f  c r o s s e s  b e t w e e n  p l a n t s  
o f  t y p e s  1 and 2,  t y p e s  1 and 4 ,  t y p e s  3 and 5 a r e  shown i n  
T a b l e  13.  The h e t e r o z y g o u s  zymograms f o r  t h e s e  t h r e e  
c r o s s e s  a r e  H I ,  H2 and H3,  r e s p e c t i v e l y  ( F i g u r e  1 3 ) .  They 
a l l  showed b o t h  p a r e n t a l  b a n d s .  The F 2 and t h e  F 3 f r o m  
h e t e r o z y g o u s  F 2 p l a n t s  a l l  d i s p l a y e d  a 1 : 2 : 1 s e g r e g a t i o n  
r a t i o .  T h e r e  was no d i f f e r e n c e  b e t w e e n  r e c i p r o c a l  c r o s s e s ,  
and o n l y  t h o s e  F 2 s e e d s  s h o w i n g  b o t h  p a r e n t a l  bands  
s e g r e g a t e d  i n  t h e  F 3 . The r e s u l t s  we re  same as p r e d i c t e d  
by t h e  h y p o t h e s i s .  The s i n g l e  n u c l e a r  l o c u s  was d e s i g n a t e d  
as Pgm2, and t h r e e  c o d o m i n a n t  a l l e l e s  as Pqm2-a ( R f  0 . 6 4 ) ,  
Pqm2-b ( R f  0 . 6 7 )  and Pqm2-c  ( R f  0 . 7 4 ) .
C r o s s e s  w e r e  made b e t w e e n  zymogram t y p e  1 ( w i t h  weak 
band 3)  and t y p e  3 ( w i t h o u t  weak band 3 ) ( F i g u r e  13 and 14)  
t o  s t u d y  t h e  g e n e t i c  c o n t r o l  o f  t h i s  weak band  3.  A 
1 : 2 : 1  s e g r e g a t i o n  r a t i o  was o b s e r v e d  f o r  t y p e  1,  H and 
3 ( F i g u r e  14)  i n  t h e  F 2 s e e d s .  T h e r e  was no d i f f e r e n c e  
b e t w e e n  r e c i p r o c a l  c r o s s e s  ( T a b l e  1 4 ) .  The same s e g r e g a t i o n  
r a t i o  was o b s e r v e d  i n  t h e  F 3 g e n e r a t i o n  f o r  t h o s e  F 2 seed s  
w i t h  t y p e  H zymogram ( F i g u r e  14)  t h a t  had band 3 even 
w e a k e r  t h a n  t h e  t y p e  1 ( F i g u r e s  13 and 1 4 ) .  The r e s u l t s  
i n d i c a t e  a s i n g l e  n u c l e a r  l o c u s ,  d e s i g n a t e d  as Pqm3, w i t h  
two i n c o m p l e t e l y  d o m i n a n t  a l l e l e s  ( d e s i g n a t e d  as Pqm3, pqm3) 
was r e s p o n s i b l e  f o r  t h e  a p p e a r e n c e  o f  t h e  weak band 3.  The 
n o r m a l  weak band  3 was t h e  p r o d u c t  o f  homoz yg ous  Pqm3/ Pqm3.
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Table 13. The F2 and F 3 segrega tion  data o f  the Pqm2 locus o f  soybeans
cross F2 gen e ra t ion  F, seeds from
F2 heterozygous p la n ts
Pgm2-b/b x Pqm2-a/a
Pqm2-b/b b /a  a /a  Pqm2-b/b b /a  a/a
AV 62 x PI407.265 85 159 91 51 84 47
(type  1 x type 2)
x 2 (1 : 2 : 1) 1.22 (0 .2  < P < 0 .3 )  1.25 (0 .2  < P < 0.3)
Pgm2-a/a x Pqm2-b/b
P I407.265 x AV 62 56 139 73 11 20 9
( type  2 x type 1)
x 2 (1 : 2 : 1) 2.54 (0.1 < P < 0 .2 )  0.20 (0 .5  < P < 0.7)
Pqm2-b/b b /c  c /c
42 99 40
1.64 ( 0 .2  < P < 0.3)
CMEcr
CL -b/b b /c c /c
Pgm2-b/b x Pgm2-c/c
75002 x PI424.035 65 119 48
(type  3 x type 5)
x 2 (1 : 2 : 1) 2.65 (0.1 < P < 0.2)
AV 62 x P I424.045 63 112 59
(type  1 x type 4)
x 2 (1 : 2 : 1) 0.57 (0.3 < P < 0.5)
Pqm2-c/c :x Pqm2-b/b
PI424.045 x AV 62 18 40 20
(type  4 x type 1)
x 2 (1 : 2 : 1) 0.18 (0.5 < P < 0.7)
AV 62 i s  G. max obta ined from AVRDC, Taiwan. PI407.265, PI424.035, 
PI424.045 and 75002 are G. so.ja from South Korea.
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Table 14. F2 and F} seg rega tion  data o f  Pgm3 locus in  soybeans




Pgm3 Pgm3 pqm3 Pgm3 Pqm3 pqm3
Pgm3 pgm3 pgm3 Pgm3 pgm3 pgm3
AV215 x 75002 25 46 20 39 76 45
( type  1 x type 3)
x 2 (1 : 2 : 1) 0 .56 ( 0 .3  < P < 0 .5 )  0.85 (0 .3  < P < 0.5)
pqm3 Pqm3 
pgm3 Pgm3
75002 x AV 215 29 77 37 3 12 3
( type  3 x type 1)
x 2 (1 : 2 : 1) 1.74 (0 .1  < P < 0 .2 )  2.00 (0 .1  < P < 0 .2 )
AV 215 is  G.max obta ined  from AVRDC, Taiwan. 75002 i s  G. so.ja from 
South Korea.
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The g e n o t y p e  o f  t h e  w e a k e r  a c t i v i t y  i n  h e t e r o z y g o t e s  was 
Pgm3/ pqm3, and pqm3/ pqm3 was t h e  g e n o t y p e  f o r  t h e  zymogram 
w i t h o u t  any weak band  3.
S h i k i m i c  d e h y d r o g e n a s e  (SDH, EC 1 . 1 . 1 . 2 3 )
S h i k i m i c  d e h y d r o g e n a s e  c a t a l y z e s  t h e  f o l l o w i n g  r e a c t i o n
S h i k i m a t e  + NADP+ --------------- > 3 - d e h y d r o s h i k i m a t e  + NADPH
The zymogram o f  SDH i n  s o y b e a n s  d i s p l a y e d  s i x  a n o d a l  
bands  w i t h  b an ds  3 ,  4 and 5 b e i n g  mos t  c l e a r  i n  d r y  s e e d s .
No m o b i l i t y  d i f f e r e n c e s  we re  f o u n d  f o r  a l l  t h e s e  s i x  bands  
among t h e  s ee d s  e x a m i n e d .  H o w e v e r ,  some seed a c c e s s i o n s  
showed c o n s i s t e n t l y  weak band 3 o r  band 5 ( F i g u r e  1 5 ) .
S i n c e  t h e  m o b i l i t y  o f  t h e  4 t h  band i s  a b o u t  h a l f w a y  b e t w e e n  
3 r d  and 5 t h  b a n d s ,  and i t s  band i n t e n s i t y  i s  t h e  s t r o n g e s t ,  
we h y p o t h e s i z e  t h a t  b an ds  3 and 5 a r e  t h e  p r o d u c t s  o f  two 
h omozygous  l o c i  and band  4 i s  t h e i r  h e t e r o d i m e r .  More 
g e n e t i c  s t u d y  i s  nee ded  t o  c o n f i r m  t h i s  h y p o t h e s i s .
K u n i t z  t r y p s i n  i n h i b i t o r  ( T I )
I n  s o y b e a n s ,  f o u r  t r y p s i n  i n h i b i t o r  v a r i a n t s ,  
d e s i g n a t e d  as T i - a  ( R f  0 . 7 9 ) ,  T i - b  ( R f  0 . 7 5 ) ,  T i - c  ( R f  0 . 8 3 )  
and t_i a r e  e l e c t r o p h o r e t i c a l l y  d i s t i n g u i s h a b l e ,  and a r e  
i n h e r i t e d  as c o d o m i n a n t  o r  d o m i n a n t - r e c e s s i v e  a l l e l e s  a t  a 
s i n g l e  l o c u s  ( S i n g h  e_t al_. , 1969 ;  H y m o w i t z  and H a d l e y ,  1972 ;  
H y m o w i t z  and K a i z u m a ,  1 9 8 1 ) .  O n l y  t h e  T i - a  and T i - b  a l l e l e s  








0 . 5 5
0 . 5 0
0 . 4 5
0 . 4 0
0 . 3 6
0.21
F i g u r e  15 .  Zymogram o f  SDH i n  s o y b e a n s .
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A summary o f  t h e  g e n o t y p e s  o f  seed  a c c e s s i o n s  f o r  each  
a l l o z y m e  and T I  e x a m i n e d  a r e  l i s t e d  i n  t h e  A p p e n d i x  I I I .
T a b l e  15 l i s t s  a l l  t h e  p r o t e i n  l o c i  and a l l e l e s  w h i c h  
w e r e  c o n f i r m e d  o r  h y p o t h e s i z e d  f r o m  t h e  zymogram s t u d i e d .  
They w e r e  us ed  i n  t h e  s u b s e q u e n t  a n a l y s i s  o f  g e n e t i c  
s t r u c t u r e  o f  G. s o ,1 a .
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Table 1!?. P ro te in  lo c i  and a l le le s  confirm ed o r hypo thes ized  in  G. so.ja
enzyme # o f  ^ v a r ia b le
symble lo c i  lo c i  a l le le s  a t the v a r ia b le  lo c i
ACO 5 5 A c o l-a , A c o l-b ; Aco2-a, Aco2-b, A co2-c, Aco2-d;
Aco3-a, Aco3-b; Aco4-a, Aco4-b, A co4-c ;
Aco5-a, Aco5-b
ADH 3 2 A d h l, a d h l; Adh3, adh3
AM 3 1 Am3-s, Am3-f
AP 1 1 A p-a , A p-b , A p -c , Ap-d
DIA 5 4 D ia l - a , D ia l - b ; D ia 2 -a , D ia 2 -b , d ia 2 ; D ia 3 -a ,
D ia 3 -b , d ia 3 ; D ia 4 -a , D ia4-b
ENP 1 1 Enp-a, Enp-b, Enp-c
GOT 3 1 G o t-a , G o t-b , G ot-c
IDH 4 4 Id h l- a ,  Id h l- b ;  Id h 2 -a , Id h 2 -b , Id h 2 -c ;
Id h 3 -a , Id h 3 -b , Id h 3 -c ; Id h 4 -a , Idh4-b
LAP 1 1 L a p l-a , L a p l-b
MDH 4 0
MPI 1 1 M p i-a , M p i-b , M p i-c , M pi-d
PGD 3 3 P g d l-a , P q d l-b , P g d l-c , p g d l; Pgd2-a, Pgd2-b,
Pgd2-c; Pgd3-a, Pgd3-b
PGI 3 3 P q i l - a , P g i l - b , p q i l ; P q i2 , p g i2 ; P g i3 -a , Pg i3-b
PGM 3 3 Pgm l-a , Pgm l-b; Pqm2-a, Pqm2-b, Pgm2-c;
Pgm3, pgm3
SDH 2 0
TI 1 1 T i-a ,  T i-b
Total 43 31
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2 . GENETIC LINKAGE OF PROTEIN LOCI
V e r y  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on g e n e t i c  l i n k a g e  
i n  s o y b e a n s .  The f i r s t  sev en  s m a l l  l i n k a g e  g r o u p s  o f  two  o r  
t h r e e  l o c i  each  i n  s o y b e a n s  we re  s u m m a r i z e d  by B e r n a r d  and 
We i ss  ( 1 9 7 3 ) .  M a g en t a  f l o w e r  c o l o r  c o n t r o l l e d  by a m u t a n t  
g e n e ,  Wm, i s  c l o s e l y  l i n k e d  t o  Wlw l  ( f l o w e r  c o l o r )  and 
t o g e t h e r  w i t h  MS l ms l  ( m a l e  s t e r i l i t y )  a r e  members  o f  L i n k a g e  
Group  8 ( B u z z e l l  e_t sQ.  , 1 9 7 7 ) .  L i n k a g e  b e t w e e n  two c h e m i c a l  
c o m p o n e n t s  o f  s o y b e a n  seed c o n t r o l l e d  by t h e  K u n i t z  t r y p s i n  
i n h i b i t o r  ( T I )  and t h e  a c i d  p h o s p h a t a s e  (AP)  l o c i ,  w i t h  a 
c r o s s o v e r  f r e q u e n c y  o f  16.2% was r e p o r t e d  as t h e  L i n k a g e  
Group  9 ( H i l d e b r a n d  e_t sn l. , 1 9 8 0 ) .  A t e n t h  l i n k a g e  g r o u p  
was r e p o r t e d  by K i l e n  and B a r r e n t i n e  ( 1 9 8 3 )  b e t w e e n  genes  
c o n t r o l l i n g  r e a c t i o n s  t o  p h y t o p h t h o r a  r o t  ( R p s 1 ) and 
m e t r i b u z i n  h e r b i c i d e  ( H m ) . The L i n k a g e  Group  11 was 
e s t a b l i s h e d  b e t w e e n  t h e  R,j 1 l o c u s ,  c o n t r o l l i n g  r e s t r i c t e d  
n o d u l a t i o n ,  and t h e  F_ l o c u s ,  c o n t r o l l i n g  f a s c i a t e d  s t em by 
D e v i n e  e_t _al .  ( 1 9 8 3 ) .  The f i r s t  l i n k a g e  i n  s o y b e a n s  
b e t w e e n  a b i o c h e m i c a l  l o c u s  ( t h e  t f - a m y l a s e  l o c u s  Am3) and 
a m o r p h o l o g i c a l  l o c u s  ( t h e  p u b e s c e n c e  c o l o r  l o c u s ,  t.) was 
r e p o r t e d  on L i n k a g e  Group  1 w i t h  31 .5% +_ 2.2% r e c o m b i n a t i o n  
f r e q u e n c y  ( K i a n g  and C h i a n g ,  1 9 8 5 ) .  K i a n g  e_t a_l. ( 1985)  
r e p o r t e d  t h a t  t h e  Lap 1 l o c u s  i s  l i n k e d  t o  t h e  A jd  l o c u s  w i t h  
19.88% +_ 1.00% r e c o m b i n a t i o n  f r e q u e n c y  b e t w e e n  t h e  two 
l o c i  i n  G. so. ja  and s u g g e s t e d  t h e y  may b e l o n g  t o  L i n k a g e  
Group  9 .  The L a p l  and T_i l o c i  i n  G. max w e r e  f o u n d  t o  be
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l i n k e d  w i t h  a r e c o m b i n a t i o n  f r e q u e n c y  o f  15.3% _+ 0.9% on 
L i n k a g e  Group  9.  B o t h  t h e  Lap 1 and TVi l o c i  a r e  i n h e r i t e d  
i n d e p e n d e n t  o f  t h e  f l o w e r  c o l o r  l o c u s  (WJJ ( K i a n g  and 
C h i a n g ,  1 9 8 6 ) .  I n  a d d i t i o n ,  t h e  l i n k a g e  o f  Ajo, L a p l  and _Ti_ 
t h r e e  l o c i  and t h e  l i n k a g e  b e t w e e n  f l d h l  and f l o w e r  c o l o r  W_1 
were  e s t a b l i s h e d  and t h e  m a n u s c r i p t s  a r e  i n  p r e p a r a t i o n  
( K i a n g ,  1 9 8 5 ) .
I n  t h e  p r e s e n t  s t u d y ,  among t h e  60 i s o z y m e  gene p a i r s  
e x a m i n e d ,  o n l y  two l i n k a g e  g r o u p s  we re  f o u n d ,  i n v o l v i n g  s i x  
l o c i .  One g r o u p  has two  l o c i ,  P g d l  and P q i l  w i t h  15 .34% +_ 
0 .74% r e c o m b i n a t i o n  f r e q u e n c y .  T a b l e  16 shows t h e  F 2 d a t a  
f r o m  two  c r o s s e s ,  b e t w e e n  two (G. so j a  p l a n t s  and b e t w e e n  
IG. so. ia and G. max p l a n t s ,  s e g r e g a t i n g  f o r  t h e  P g d l  and 
P q i l  gene p a i r .  The x 2 t e s t  showed t h a t  t h e  o b s e r v e d  d a t a  
s i g n i f i c a n t l y  d e v i a t e d  f r o m  t h e  1 : 1 : 1 : 1 : 2 : 2 : 2 :
2 : 4 e x p e c t e d  r a t i o  f o r  two  genes  w h i c h  a r e  i n h e r i t e d  
i n d e p e n d e n t l y .  S i n c e  t h e  d a t a  o f  t h e  two c r o s s e s  were  
ho mo g en eo u s ,  t h e y  w e r e  c o m b i n e d  i n  c a l c u l a t i n g  t h e  f r e q u e n c y  
o f  r e c o m b i n a t i o n  ( A l l a r d ,  1 9 5 6 ) .
The o t h e r  l i n k a g e  g r o u p  o b s e r v e d  i n v o l v e d  f o u r  enzyme 
l o c i ,  Aja , T_i, L a p l  and P q d 2 . T a b l e  17 shows t h e  F 2 
s e g r e g a t i o n  d a t a  f r o m  t h e  c r o s s e s  i n v o l v e d  p l a n t s  w i t h  t h e  
f o u r  gene p a i r s .  The d a t a  o f  t h e  f o u r  c r o s s e s  f o r  A j d  and 
T i  as w e l l  as J_i and L a p l  we re  n o t  h om og e ne ou s .  The 
r e c o m b i n a t i o n  f r e q u e n c i e s  show i n  t h e  l i n k a g e  map i n  F i g u r e  
16 f o r  t h e s e  two p a i r s  (Aja -  T_i and -  L a p l ) a r e  t h e  
a v e r a g e  o f  t h e  f o u r  c r o s s e s .  The d a t a  f r o m  c r o s s e s
Table 16. The F2 data from soybean dihybrids segregating for the gene pair Pgdl and Pgil for
linkage analysis.
--------------------------g e n o ta je s f----------------------  Recom bination
Cross AB Ab aB ab AH aH HB Hb HH N x 2 P frequency
P I4 0 7 .160 X P I424.032 97 6 6 107 48 41 40 21 205 571 394.2 <0.001 ^  3A% Q ?4%
AV62 X P I424.032 169 2 8 157 55 50 53 51 303 848 693.5 <0.001
*  A and B re p re s e n t Pgdl and P g il  l o c i ,  re s p e c t iv e ly .  
H re p re se n ts  h e te ro zyg o te s .
Table 17. The F2 data from soybean dihybrids segregating for each pair of A£, Ti, Lapl and Pgd2
for linkage analysis.
genotypes------------------------  Recom bination
Cross AB Ab aB ab AH aH HB Hb HH N x 2 P
r \ c u u u i u j . i  ia L J .U I  1
frequency
A£ - n
P I407 .160 X P I424.032 143 1 3 154 26 26 27 20 272 674 857.3 <0.001 8.24% + 0.87%
P I424 .032** 80 7 4 75 14 16 11 21 163 391 396.9 <0.001 11.40% + 1.30%
AV68 X P I407.260 80 0 2 83 11 12 10 12 152 362 492.1 <0.001 7.00% +0 . 90%
AV62 X P I424.032 156 1 2 153 28 29 20 33 297 719 867.1 <0.001 11.00% + 0.80%
Ap -  Lap l
P I407 .160 X PI424.032 97 16 8 105 51 60 55 57 194 643 262.7 <0.001
PI424.032 68 5 7 66 34 37 26 39 139 421 196.5 <0.001 22.65% + 0.73%
AV68 X P I407 .260 51 3 12 57 40 38 24 31 126 382 131.0 <0.001
AV62 X P I424 .032 111 11 13 113 61 71 61 63 223 719 301.9 <0.001
Ap -  Pqd2
P I407 .160 X P I424.032 60 32 38 59 81 85 67 72 180 674 23.5 <0.01
PI424.032 42 14 15 42 54 44 55 44 110 421 32.6 <0.01 39.78% + 0.98%
PI407.233 X P I4 0 7 .192 46 18 21 52 73 61 57 57 134 519 31.3 <0.01
P I407 .160 X AV62 61 30 32 66 88 87 103 77 184 728 27.8 <0.01
Table 17. (continued)
--------------------------g g M l g g ----------------------  Recom bination
Cross AB Ab aB ab AH aH HB Hb HH N x 2 P frequency
T i -  Lap l
P I407.160 X P I424.032 
P I424 .032**
AV68 X P I407.260 
AV62 X P I424.032
T i -  Pqd2
P I4 0 7 .160 X P I424 .032 
P I424.032
Lap l -  Pgd2
PI107.160 X P I424.032 107 16 8 100 55 52 40 42 223 643 321.0 <0.001 2Q &2% Q 99%
P I424 .032 65 9 3 72 33 36 30 33 140 421 209.4 <0.001
* A and B each re p re se n ts  one locus  o f  a gene p a ir  s tu d ie d .
* *  A n a tu ra l h y b r id  se g re g a tin g  fo r  a l l  Ajo, T i ,  Lap l and Pqd2 lo c i .
68 34 27 73 73 75 68 58 198 674 63.7 <0.01
42 13 14 38 50 42 30 52 101 391 33.3  <0.01
36.85% + 1.39%
116 10 4 115 52 41 44 43 218 643 421.0 <0.001 17.65% +
66 6 8 61 30 34 39 28 129 391 189.5 <0.001 21.30% +
55 3 3 64 25 20 34 28 130 362 205.9 <0.001 18.10% +




_________ 22.65% + 0.73%_______
39.78% + 0.98% ^ 2
17.96% + 1.33% 20.62% + 0.99%
36.85% + 1.39%
F ig u re  16. The r e la t iv e  lo c a t io n s  o f  A£, T i ,  Lap l and Pqd2 
lo c i  on L inkage  Group 9 o f  soybeans.
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i n v o l v i n g  t h e  o t h e r  gen e  p a i r s  i n  T a b l e  17 w e r e  h o m o g e n e o u s  
w i t h i n  e ac h  gene  p a i r ,  and w e r e  c o m b i n e d  i n  c a l c u l a t i n g  t h e  
f r e q u e n c y  o f  r e c o m b i n a t i o n .  The l i n k a g e  a n a l y s i s  ( A l l a r e ,  
1 9 5 6 )  showed t h a t  t h e  map u n i t s  b e t w e e n  Ajd and T_i. i s 9 . 4 1  +_ 
1 . 0 7 ,  A jd  and L a p l  i s  2 2 . 6 5  +_ 0 . 7 3 ,  A jd  and Pgd2 3 9 . 7 8  _+ 0 . 9 8 ,
T i  and L a p l  1 7 . 9 6  + 1 . 3 3 ,  Ti. and Pqd2 3 6 . 8 5  + 1 . 3 9  and  L a p l
and Pqd2 2 0 . 6 2  +_ 0 . 9 9 .  The r e l a t i v e  l o c a t i o n  o f  t h e s e  f o u r  
l o c i  a r e  shown i n  F i g u r e  16 .  The T_i and A jd  l o c i  i n  G . max 
a r e  i n  L i n k a g e  G ro u p  9 ( H i l d e b r a n d  e_t al_. , 1 9 8 0 ) .  Any p a i r
o f  g e n e s  on t h e  same c h r om os om e i n  (3. so. ja  d oe s  n o t  p r o v e
t h a t  t h e  p a i r  o f  g e n e s  b e l o n g  t o  t h e  same l i n k a g e  g r o u p  i n  
G. m a x . H o w e v e r ,  i n  t h e  p r e s e n t  s t u d y ,  we c o n c l u d e  t h a t  
T i , A p , L a p l  and Pqd2 b e l o n g  t o  L i n k a g e  Gr ou p  9 i n  b o t h  
13. max and G. so. j  a b e c a u s e  t h r e e  o f  t h e  c r o s s e s  s t u d i e d  
i n v o l v e d  G. max and (3. s o j  a .
The r e c o m b i n a t i o n  f r e q u e n c y  o b s e r v e d  i n  t h e  p r e s e n t  
s t u d y  b e t w e e n  A jd  and L a p l  ( 2 2 . 6 5 %  +_ 0 . 7 3 % )  and L a p l  and 
( 1 7 . 9 6 %  _+ 1 . 3 3 % )  a r e  a l e t t l e  l a r g e r  t h a n  t h o s e  r e p o r t e d  
p r e v i o u s l y ,  19 . 88% +_ 1 .00% o f  A jd  -  L a p l  ( K i a n g  e_t ;al_. , 1 9 8 5 )  
and 15 .3% +_ 0 . 9% o f  L a p l  -  T_i ( K i a n g  and C h i a n g ,  1 9 8 6 ) .
B u t  t h e  r e c o m b i n a t i o n  f r e q u e n c y  o b s e r v e d  b e t w e e n  A jd  and J_i 
i n  t h i s  s t u d y  ( 9 . 4 1 %  _+ 1 . 0 7 % )  i n  c r o s s e s  b e t w e e n  t wo  J3. so. j  a 
p l a n t s  and b e t w e e n  G. so. j  a and iG. max p l a n t s  i s  much s m a l l e r  
t h a n  16 .2% _+ 1.5% r e p o r t e d  by H i l d e b r a n d  e_t a_l. ( 1 9 8 0 )  i n  
G. max b a s e d  on 431 s e e d s .  D i f f e r e n t  p l a n t s  i n v o l v e d  i n  
t h e  c r o s s e s  i n  d i f f e r e n t  g r o w i n g  s e a s o n s  and d i f f e r e n t  
am ou n t  o f  s e e d s  e x a m i n e d  may e x p l a i n  t h e s e  d e v i a t i o n s .
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F l u c t u a t i o n  i n  t h e  r e c o m b i n a t i o n  f r e q u e n c y  i n  d i f f e r e n t  
c r o s s e s  b e t w e e n  t h e  t w o  l o c i  i n  l im a  b e a n  was s u g g e s t e d  t o  
be due t o  d i f f e r e n t  g r o w i n g  s e a s o n s ,  d i f f e r e n t  p a r e n t a l  
l i n e s  u s e d  i n  c r o s s e s ,  u n e q u a l  r e c o m b i n a t i o n  v a l u e  b e t w e e n  
t wo  s e x e s  o r  a c o m b i n a t i o n  o f  t h e s e  f a c t o r s  ( A l l a r d ,  1 9 5 6 ) .
T a b l e  18 l i s t s  t h e  F 2 s e g r e g a t i o n  d a t a  f o r  53 d i h y b r i d s  
o f  enzyme l o c i .  A l l  o f  t h e  a l l o z y m e s  i n  t h i s  l i n k a g e  s t u d y  
a r e  c o d o m i n a n t ,  t h e r e f o r e  n i n e  g e n o t y p e s  among t h e  d i h y b r i d  
F 2 p r o g e n y  c an  be d i s t i n g u i s h e d .  H o w e v e r ,  some gene p a i r s  
i n v o l v i n g  D i a 2 , D i a 3 , I d h l  and  I d h 2  c an  o n l y  be d i s t i n g u i s h e d  
i n t o  s i x  o r  e v e n  f o u r  p h e n o t y p e s  i n  t h e i r  F 2 p r o g e n y  b e c a u s e  
some b a n d s  p r o d u c e d  by  d i f f e r e n t  g e n e s  h a v e  t h e  same 
m o b i l i t y .  A l l  t h e s e  53 gen e  p a i r s  w e r e  f o u n d  t o  s e g r e g a t e  
i n d e p e n d e n t l y  i n  t h e  e x p e c t e d  1 : 1 : 1 : 1 : 2 : 2 : 2 :  
2 : 4 o r l  : 1 : 2 :  3 :  3 : 6 o r l  : 3 : 3 :  9 r a t i o .
Table 18 The F^ segregation
gene p a i r 1 : 1
A -  B c r o s s AB Ab
Am -  Ap P I 4 0 7 . 2 3 3 X P I  4 0 7 . 1 9 2 40 39
Am - D i a l P1407 . 233 X P I 4 0 7 . 192 38 32
Am - Pq d2 PI  4 0 7 . 2 3 3 X P I 4 0 7 . 192 37 39
Am - Pq d3 P I 4 8 7 . 431 X P I 4 8 6 . 2 2 0 26 25
Ap - D i a l P I 4 0 7 . 233 X P I 4 0 7 . 192 36 29
Ap - D i a 4 P I 4 8 7 .431 X P I 4 8 6 . 2 2 0 24 25
Ap -  Mpi P140 7 . 2 3 3 X P I 4 0 7 . 192 33 33
Ap - P q d l AV68 X P14 0 7 . 2 6 0 22 20
Ap - P qd 3 P I 4 8 7 . 4 3 1 X P I 4 8 6 . 2 2 0 39 47
Ap - P q i l AV62 X P I 4 2 4 . 0 3 2 41 34
Ap - P q i 3 A V68 X P 140 7 . 2 6 0 19 31
Ap -Pgm2 A V62 X P I 4 2 4 . 045 16 14
D i a l -  M p i P I  4 0 7 . 2 3 3 X P I 4 0 7 . 192 24 31
D i a l - P q d l AV68 X P14 0 7 . 2 6 0 19 20
D i a l - P q d 2 P I 4 0 7 . 2 3 3 X P I 4 0 7 . 1 9 2 31 28
D i a l - P g i 3 AV68 X P I 4 0 7 . 2 6 0 20 21
D i a l - P q m 2 AV62 X P1 40 7 . 2 6 5 18 17
D i a 4 - L a p l P I 4 8 7 .431 X P I 4 8 6 . 2 2 0 29 39
D i a 4 - P q d 3 P148 7 . 4 3 1 X P I 4 8 6 . 2 2 0 19 21
D i a 4 - P g m l P I 4 8 7 . 431 X P I 4 8 6 . 2 2 0 23 16
from soybean dihybrids for linkage analysis
e x p e c t e d  r a t i o
: 1 : 1 : 2 : 2 : 2 : 2 : 4 o
aB ab AH aH HB Hb HH N X P
32 33 63 64 63 63 122 519 3..786 o .,80
31 31 64 63 55 63 118 495 2.. 794 0. ,90
34 27 66 67 56 59 134 519 4 ,.958 0..70
22 27 50 40 48 51 97 386 2,,343 0, ,95
26 34 64 68 61 65 112 495 4,.012 0..80
36 21 59 57 56 51 111 440 5..517 0,.70
27 30 85 70 73 70 134 555 6., 400 0.. 50
21 26 49 50 47 43 84 362 2., 378 0..95
49 53 93 95 89 89 166 720 4 ,. 156 0,.80
31 34 59 62 67 60 123 511 3 ,. 852 0..80
25 18 48 46 50 59 86 382 8.. 360 0..30
15 14 35 22 32 31 54 233 3,. 853 0,.80
22 27 52 45 60 48 113 422 4,. 873 0,. 70
22 24 41 40 48 49 99 362 3 ,. 264 0,.90
31 32 60 57 63 65 128 495 1 ,. 082 0,. 99
21 23 57 45 44 48 102 381 4 ,. 036 0,.80
18 28 50 45 35 40 84 335 6 ,. 961 0,. 50
23 25 63 64 53 65 126 487 6 ,. 946 0,. 50
22 26 62 51 51 54 107 413 5,. 630 0,.60
20 20 47 48 48 42 98 362 3,. 780 0,. 80
Table 18 (continued)
gene p a i r 1 : 1 :
A -  B c r o s s AB Ab
L a p l - P g d l AV68 X P I 4 0 7 . 2 6 0 17 20
L a p l - P q d 3 P I 4 8 7 . 431 X P I 4 8 6 . 2 2 0 17 27
L a p l - P q i l AV62 X P I 4 2 4 . 0 3 2 38 35
L a p l - P g i 3 AV68 X P I 4 0 7 . 2 6 0 19 23
Mpi  - P q d l AV68 X P I 4 0 7 . 2 5 2 6 15
M p i  -  P q d 2 P I 4 0 7 . 2 3 3 X P I 4 0 7 . 1 9 2 22 29
Mpi  - P q d 3 P I 4 8 7 . 431 X P I 4 8 6 . 2 2 0 28 36
P q d l - P q d 2 P14 0 7 . 1 6 0 X P I 4 2 4 . 0 3 2 28 33
P g d l - p g i 3 AV68 X P I 4 0 7 . 2 6 0 27 23
P g d l - P q m 2 PI  4 0 7 . 2 6 5 X Av62 11 8
P q d l -  T i Av68 X P I 4 0 7  . 260 22 22
P q d 2 - P g i 3 P14 0 7 . 1 6 0 X P I 4 2 4 . 0 3 2 42 43
P q d 3 - P q m l P I 4 8 7 . 4 3 1 X P I 4 8 6 . 220 14 20
P g i 1 -  T i P I 4 0 7 . 16 0 X P I 4 2 4 . 0 3 2 23 23
P q i 3 - p g i l P I 4 2 4 . 0 3 2 X P I 4 0 7 . 2 6 0 11 11
1
AB A (
D i a 2 - D i a 3 P I 4 0 7 . 2 3 3  X P I 4 0 7  . 192 33













26 25 46 36 47 43
26 26 45 59 53 49
36 37 57 63 60 66
22 18 45 51 57 47
10 13 18 20 20 17
22 25 43 60 53 48
33 30 65 65 65 64
32 33 61 61 45 54
19 23 43 42 43 44
11 8 20 18 23 22
23 28 48 44 44 40
48 30 78 87 75 90
20 17 49 29 37 53
32 34 66 62 60 54
15 12 21 25 29 29
e x p e c t e d  r a t i o
3 : 3 : 9
+ H) ( a + H ) B ( a + H ) ( b
102 81 279
N 2X P
362 6 . 0 1 6 0 . 5 0
386 7 . 4 5 2 0 . 4 0
511 4 . 4 2 0 0 . 8 0
381 4 . 9 3 7 0 . 7 0
156 5 . 9 3 0 0 . 6 0
422 7 . 0 0 5 0 . 5 0
490 4 . 9 7 2 0 . 7 0
467 5 . 0 3 0 0 . 7 0
362 2 . 577 0 . 9 5
156 2 . 4 3 0 0 . 9 5
362 2 . 1 6 6 0 . 9 5
674 7 . 2 4 0 0 . 4 0
311 1 2 . 6 5 1 0 . 1 0
467 5 . 4 0 0 0 . 7 0
208 2 . 8 6 6 0 . 9 0




















gene p a i r
A -  B c r o s s 1AB
: 1
_aB
Ap - I d h l AV68 X P I 4 0 7 . 2 6 0 31 24
Ap - 1 dh2 AV68 X P I 4 0 7  . 260 33 24
Ap - 1 dh3 A V68 X P I 4 0 7 . 2 6 0 24 28
D i a l - D i a 2 P I 4 0 7 . 2 3 3 X P I 4 0 7 . 192 34 39
D i a l - D i a 3 P14 0 7 . 2 3 3 X P14 0 7 . 1 9 2 31 21
D i a l - I d h l AV68 X P I 4 0 7 . 2 6 0 23 19
D i a l - I d h 2 AV68 X P I 4 0 7 . 2 6 0 26 19
D i a 2 -  Mpi P I 4 0 7 . 2 3 3 X P14 0 7 . 1 9 2 29 25
D i a 2 - P q d 2 P I 4 0 7 . 2 3 3 X PI  4 0 7 . 1 9 2 30 30
D i  a 3 -  Mpi PI  4 0 7 . 2 3 3 X P140 7 . 1 9 2 20 22
D i a 3 - P g d 2 P1407 . 233 X P I 4 0 7 . 1 9 2 25 29
I d h l - P g d l AV68 X P I 4 0 7 . 2 6 0 25 22
I d h l - P g i 3 AV68 X P I 4 0 7 . 2 6 0 19 27
I d h 2 - P q d l AV68 X P 1 40 7 . 2 6 0 24 26
I  d h 2 - P q i 3 A V68 X P I 4 0 7 . 2 6 0 24 31
I d h 3 - P q d l AV68 X P I 4 0 7 . 2 6 0 14 13
I d h 3 - P g i 3 AV68 X P I 4 0 7 . 2 6 0 22 20
e x p e c t e d  r a t i o
2 : 3 : 3 :  6
HB A ( b + H )
•  - /  «
a ( b + H ) H( b + H ) N 2X P
40 75 70 142 382 3 . 5 9 2 0 . 6 0
49 73 70 133 382 4 . 3 1 8 0 . 5 0
35 67 77 148 379 4 . 9 9 9 0 . 4 0
63 92 84 183 495 3 . 3 0 5 0 . 6 0
61 95 103 184 495 4 . 3 8 8 0 . 4 0
53 69 67 151 382 2 . 4 1 8 0 .  70
61 66 67 143 382 5 . 6 0 2 0 . 3 0
58 65 82 163 422 3 . 6 2 5 0 . 5 0
76 90 88 181 495 3 . 7 3 0 0 . 5 0
53 74 85 168 422 3 . 6 7 5 0 . 5 0
60 95 90 196 495 2 . 0 3 5 0 . 8 0
44 65 67 139 362 0 . 5 1 2 0 . 9 9
49 69 72 146 382 1 . 588 0 . 9 0
51 66 63 132 362 1 . 8 2 4 0 . 8 0
51 64 68 144 382 3 . 3 4 7 0 . 6 0
53 74 76 130 360 1 0 . 5 2 5 0 . 0 5
44 76 68 150 380 1 . 8 5 9 0 . 8 0
0 3
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3.  GENETIC STRUCTURE OF G. SOJA
( 1 ) .  G e n e t i c  d i v e r s i t y  o f  G. so . j a  s eed  a c c e s s i o n s  f r o m  
S o u t h  K o r e a  and  J a p a n .
The a l l e l e  f r e q u e n c i e s  o f  p r o t e i n s  e x a m i n e d  f o r  eac h  
s eed  a c c e s s i o n  a r e  l i s t e d  i n  t h e  A p p e n d i x  I I I .  T a b l e  19 
l i s t s  t h e  30 v a r i a b l e  l o c i  e x a m i n e d ,  a l l e l e s  o b s e r v e d  a t  
t h e s e  l o c i ,  t h e  f r e q u e n c y  o f  e a c h  a l l e l e ,  and t h e  numbe r  o f  
£ .  so . j a  a c c e s s i o n s  i n  w h i c h  e a c h  a l l e l e  was o b s e r v e d .  Pqm3 
l o c u s  i s  n o t  i n c l u d e d  b e c a u s e  g e n o t y p e s  o f  many a c c e s s i o n s  
i n  t h i s  l o c u s  c a n n o t  be d e t e r m i n e d  due t o  band  o v e r l a p p i n g  
w i t h  Pq m2- c  b a n d .  The a l l e l e  f r e q u e n c y  ( P )  i n  T a b l e  19 i s  
b a s e d  on a l l e l e  f r e q u e n c i e s  l i s t e d  i n  t h e  A p p e n d i x  I I I  and 
w e i g h t e d  by num be r  o f  a c c e s s i o n s .
A t o t a l  o f  78 a l l e l e s  was r e c o r d e d  w i t h  an a v e r a g e  o f  
2 . 6 0  a l l e l e s  p e r  v a r i a b l e  l o c u s .  When Pqm3 as w e l l  as t h e  
i n v a r i a n t  l o c i  o f  t h e  t w o  c o n f i r m e d  a m y l a s e  and t h e  t e n
h y p o t h e s i z e d  l o c i  o f  MDH, SDH, GOT, ADH and DIA w e r e
i n c l u d e d ,  t h e  a v e r a g e  num be r  o f  a l l e l e s  p e r  l o c u s  was 2 . 1 4  
i n  G. so . j a  o f  S o u t h  K o r e a n  and J a p a n e s e  a c c e s s i o n s .  H a m r i c k  
( 1 9 7 9 )  i n  h i s  r e v i e w  p a p e r  r e p o r t e d  1 . 8 0  ( r a n g e  1 . 0 0  -  3 . 7 5 )  
a l l e l e s  p e r  l o c u s  as an a v e r a g e  o f  39 a n n u a l s .  W h i l e  t h e s e
d a t a  s u g g e s t  t h a t  G. so , j a  has  a b o v e  a v e r a g e  o f  a l l e l i c
r i c h n e s s ,  many a l l e l e s  a r e  r a r e ,  b e i n g  f o u n d  i n  t h r e e  o r  
f e w e r  s eed  a c c e s s i o n s  ( T a b l e  1 9 ) .
The e x p e c t e d  h e t e r o z y g o s i t y  ( H e x p )  f o r  G . so. j  a b a s e d  on 
t h e  t o t a l  s eed  a c c e s s i o n s  e x a m i n e d  i s  0 . 2 3 7  f o r  v a r i a b l e
r  —
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Table 19. L i s t  o f  a l le le s  observed, t h e i r  fre q u e n c ie s  (P) and number 
o f  seed access ions  (N) in  w hich they  were observed.
S. Korea Japan S. Korea + Japan
P N P N P N
A c o l-a 0 .02 1 0 0 0.01 1
A c o l-b 0 .98 62 1.00 9 0 .99 71
Aco2-a 0 .03 4 0 .37 5 0.07 9
Aco2-b 0.01 1 0 0 0.01 1
Aco2-c 0 .91 60 0 .63 7 0.88 67
Aco2-d 0.05 4 0 0 0 .04 4
Aco3-a 0 .84 54 1.00 9 0.86 63
Aco3-b 0 .16 11 0 0 0.14 11
AcoA-a 0.11 7 0.22 4 0 .12 11
Aco4-b 0 .85 54 0.78 8 0.85 62
Aco4-c 0 .04 3 0 0 0.03 3
Aco5-a 1.00 63 0.89 8 0.99 71
Aco5-b 0 0 0.11 1 0.01 1
Adhl 0 .99 63 1.00 9 0.99 72
adh l 0 .11 2 0 0 0.01 2
Adh3 0 .99 63 1.00 9 0 .99 72
adh3 0.01 1 0 0 0.01 1
Am3-s 0 .33 30 0.81 8 0.39 38
Am3-f 0 .67 48 0 .19 4 0.61 52
Ap-a 0 .39 36 0 .52 7 0 .46 43
Ap-b 0 .16 15 0 .20 3 0.16 18
Ap-c 0 .42 37 0.28 5 0.35 42
Ap-d 0.03 3 0 0 0.03 3
D ia l-a 0 .59 44 0.53 6 0 .58 50
D ia l-b 0.41 37 0 .47 7 0.42 44
D ia2 -a 0.28 21 0.25 3 0.28 24
D ia2 -b 0.71 49 0.75 7 0.71 56
d ia2 0.01 1 0 0 0.01 1
D ia3 -a 0.03 2 0 0 0.03 2
D ia3 -b 0.91 60 1.00 9 0.91 69
d ia3 0 .06 5 0 0 0.06 5
D ia4 -a 1.00 63 0.89 8 0.99 71
D ia4-b 0 0 0.11 1 0.01 1
Enp-a 0.17 13 0.24 5 0 .18 18
Enp-b 0.82 54 0.69 8 0.80 62
Enp-c 0.01 1 0.07 2 0.02 3
G ot-a 0.05 3 0 0 0.04 3
G ot-b 0 .93 59 1.00 9 0.95 68
G ot-c 0 .02 1 0 0 0.01 1
Id h l- a <0.01 2 0 0 <0.01 2
Id h l- b 1.00 63 1.00 9 1.00 72
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Table 19 (c o n tin u e d )
S. Korea Japan S. Korea + Japar
P N P N P N
Idh2 -a 0 .93 60 0.87 8 0 .92 68
Idh2 -b 0 .07 10 0.12 2 0 .08 12
Id h 2 -c 0 0 0.02 1 <0.01 1
Id h 3 -a 0 .02 4 0.14 2 0 .04 6
Idh3 -b 0 .87 56 0.78 8 0 .86 64
Id h 3 -c 0.11 11 0.08 3 0 .10 14
IdhA-a 0 .93 60 0.87 8 0 .92 68
Idh4 -b 0 .07 10 0.13 3 0 .08 13
L a p l-a 0 .20 18 0.33 5 0.21 23
L a p l-b 0 .80 57 0.67 7 0 .79 64
M pi-a 0 .02 3 0.12 1 0.03 4
M pi-b 0 .57 43 0.61 7 0 .57 50
M pi-c 0.41 33 0.27 5 0.41 38
M pi-d 0 .02 3 0 0 0.02 3
P q d l-a 0 .13 16 0.08 4 0 .12 20
P q d l-b 0 .69 50 0.69 8' 0 .69 58
P q d l-c 0 .18 15 0.18 4 0 .18 19
pgd l 0 0 0.06 2 0.01 2
Pqd2-a 0.84 56 1.00 9 0 .85 65
Pqd2-b 0 .14 12 0 0 0.13 12
Pqd2-c 0 .02 2 0 0 0.02 2
Pqd3-a 0 0 0.11 1 0.01 1
Pqd3-b 1.00 63 0.89 8 0 .99 71
P q il- a 0 .04 4 0 0 0.04 4
P q il- b 0.94 61 1.00 9 0.95 70
p a i1 0 .02 2 0 0 0.01 2
Pqi2 0.45 29 0.73 8 0 .49 37
p g i2 0 .55 36 0.27 6 0.51 42
P q i3 -a 0.02 2 0 0 0.02 2
P q i3 -b 0.98 62 1.00 9 0.98 71
Pqml-a 0.98 62 0.82 8 0.96 70
Pqml-b 0.02 2 0.18 4 0.04 6
Pqm2-a 0.05 5 0 0 0.04 5
Pqm2-b 0.69 49 0.79 8 0.70 57
Pqm2-c 0 .26 23 0.21 5 0.26 28
T i-a 0 .95 61 1.00 9 0.96 70
T i-b 0 .05 4 0 0 0.04 4
T o ta l # a l le le s  73 







l o c i ,  and  0 . 1 6 0  f o r  t o t a l  l o c i  s t u d i e d  ( T a b l e  2 0 ) .  T h i s  i s  
a b o u t  t h e  a v e r a g e  ( 0 . 1 5 4 ,  r a n g e  0 . 0 0 0  -  0 . 4 1 4 )  r e p o r t e d  by 
H a m r i c k  ( 1 9 7 9 )  f o r  39 a n n u a l s .  The m o s t  v a r i a b l e  l o c u s  i n  
G. so .i a i s  A£ w i t h  f o u r  a l l e l e s  and Hexp = 0 . 6 3 9  ( T a b l e  2 0 ) .
The p r o p o r t i o n  o f  p o l y m o r p h i c  l o c i  f o r  G. so .i a i n  t h i s  
s t u d y  i s  67 . 4% a t  t h e  99% p o l y m o r p h i s m  l e v e l  and 4 6 . 5 % a t  
t h e  95% l e v e l .  An a v e r a g e  v a l u e  o f  46 . 2% was c a l c u l a t e d  
i n c l u d i n g  44 a n n u a l s  by H a m r i c k  ( 1 9 7 9 ) .
The r e s u l t s  i n d i c a t e  t h a t  t h e  g e n e t i c  d i v e r s i t y  o f  
G. so . j a  i s  a b o u t  a v e r a g e  f o r  a n n u a l s .
( 2 ) .  C o m p a r i s o n  o f  t w o  g e o g r a p h i c  p o p u l a t i o n s :  S o u t h  K o r e a
and J a p a n .
( A )  G e n e t i c  d i v e r s i t y
When s eed  a c c e s s i o n s  w e r e  g r o u p e d  i n t o  t wo  g e o g r a p h i c  
p o p u l a t i o n s ,  S o u t h  K o r e a  and J a p a n ,  t h e y  w e r e  s i g n i f i c a n t l y  
d i f f e r e n t  i n  t h e  n um be r  o f  a l l e l e s  p e r  v a r i a b l e  l o c u s  by 
p a i r e d  t - t e s t  ( 2 . 4 3  and 1 . 8 7  f o r  S o u t h  K o r e a  and  J a p a n ,  
r e s p e c t i v e l y ,  T a b l e  1 9 ) .  The p r o p o r t i o n  o f  p o l y m o r p h i c  
l o c i  a t  t h e  99% p o l y m o r p h i s m  l e v e l  i s  6 0 . 4 6 %  i n  S o u t h  K o r e a  
and 4 4 . 1 9 %  i n  J a p a n .  The r e s u l t s  may be b i a s e d  by t h e  f a c t  
t h a t  d i s t i n c t l y  d i f f e r e n t  numbe r  o f  seed  a c c e s s i o n s  w e r e  
i n c l u d e d  i n  t h e  s t u d y  f r o m  t h e  t wo  a r e a s  ( 6 3  f r o m  S o u t h  
K o r e a  and 9 f r o m  J a p a n ) .
The mean e x p e c t e d  h e t e r o z y g o s i t i e s  i n  S o u t h  K o r e a  and 
J apa n  g e o g r a p h i c  p o p u l a t i o n s  a r e  0 . 1 5 5  and 0 . 1 6 2 ,  




Table 20. The expected h e te ro z y g o s ity  o f  £ .  so.ja based on seed 
access ions from  S. Korea and Japan
L o c i
S.




# a l le le s  Hexp
S. Korea 
# a l le le s
+ Japan 
Hexp
Acol 2 0.0392 1 0.0000 2 0.0198
Aco2 4 0.1684 2 0.4662 4 0.2190
Aco3 2 0.2688 1 0.0000 2 0.2408
Aco4 3 0.2638 2 0.3432 3 0.2622
Aco5 1 0.0000 2 0.1958 2 0.0198
Adhl 2 0.0198 1 0.0000 2 0.0198
Adh3 2 0.0198 1 0.0000 2 0.0198
Am3 2 0.4422 2 0.3078 2 0.4758
M 4 0.6450 3 0.6112 4 0.6394
D ia l 2 0.4838 2 0.4982 2 0.5564
Dia2 3 0.4174 2 0.3750 3 0.4174
Dia3 3 0.1674 1 0.0000 3 0.1674
Dia4 1 0.0000 2 0.1958 2 0.0198
Enp 3 0.2986 3 0.4614 3 0.3272
Got 3 0.1322 1 0.0000 3 0.0958
Idh2 2 0.1302 3 0.2283 3 0.1472
Idh3 3 0.2306 3 0.3656 3 0.2488
Idh4 2 0.1302 2 • 0.2262 2 0.1472
Lap l 2 0.3200 2 0.4422 2 0.3318
Mpi 4 0.5062 3 0.5429 4 0.5057
Pqdl 3 0.4746 4 0.4815 4 0.4770
Pqd2 3 0.2744 1 0.0000 3 0.2602
Pqd3 1 0.0000 2 0.1958 2 0.0198
P q il 3 0.1144 1 0.0000 3 0.0958
Pqi2 2 0.4950 2 0.3942 2 0.4998
Pqi3 2 0.0392 1 0.0000 2 0.0392
Pqml 2 0.0392 2 0.2952 2 0.0768
Pqm2 3 0.4538 2 0.3318 3 0.4408









*  Mean Hexp based on a l l  (43)  lo c i  examined.
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p a i r e d  t - t e s t .  I n  f a c t ,  t h e s e  t w o  p o p u l a t i o n s  a r e  s i m i l a r  
i n  t h e i r  c om mo n es t  a l l e l e s  f o r  m o s t  o f  l o c i  e x a m i n e d  
( T a b l e  2 0 ) .
( B )  A p p o r t i o n  o f  gen e  d i v e r s i t y  w i t h i n  and among t h e  t wo  
g e o g r a p h i c  p o p u l a t i o n s .
A c c o r d i n g  t o  N e i  ( 1 9 7 3 )  gene  d i v e r s i t y  i n  a t o t a l  
p o p u l a t i o n  can  be d i v i d e d  i n t o  gene  d i v e r s i t i e d  w i t h i n  and 
b e t w e e n  p o p u l a t i o n s .  The a p p o r t i o n m e n t  o f  gen e  d i v e r s i t i e s  
w i t h i n  and b e t w e e n  p o p u l a t i o n s  was d e t e r m i n e d  by t h e  gene 
d i v e r s i t y  a n a l y s i s  ( N e i ,  1 9 7 3 ) .  The t o t a l  gene  d i v e r s i t y  
H-j. was o b t a i n e d  by c a l c u l a t i n g  t h e  w e i g h t e d  a v e r a g e  a l l e l e  
f r e q u e n c i e s  o f  t h e  p o l y m o r p h i c  l o c i  o v e r  a l l  p o p u l a t i o n s  
( Ht = 1 ~ 5 3  x - 2 ) -  The mean gene  d i v e r s i t y  w i t h i nI 1
p o p u l a t i o n s  ( H ^ )  a t  p o l y m o r p h i c  l o c i  was t h e  w e i g h t e d  
a v e r a g e  o v e r  a l l  p o p u l a t i o n s  o f  t h e  v a l u e s  o f  1 -  ]P  x ^ 2 
f o r  e a c h  l o c u s .  D<~y i s  t h e  gene  d i v e r s i t y  among p o p u l a t i o n s .  
The se  t h r e e  p a r a m e t e r s  a r e  r e l a t e d  as Hy = + D ^ y .  The
c o e f f i c i e n t  o f  gene  d i f f e r e n t i a t i o n  m e a s u r e s  t h e  am ou n t
o f  g e n e t i c  v a r i a t i o n  i n  t h e  w h o l e  p o p u l a t i o n  t h a t  i s  
a t t r i b u t a b l e  t o  g e n e t i c  d i f f e r e n t i a t i o n  among p o p u l a t i o n s .
I t  i s  g i v e n  by G^y = D^y /  H^ .  When G^y = 0 t h e r e  i s  no 
g e n e t i c  d i f f e r e n t i a t i o n  among p o p u l a t i o n s .  The p o l y m o r p h i c  
l o c i  w e r e  d e t e r m i n e d  a t  t h e  99% p o l y m o r p h i s m  l e v e l .  The 
e x c l u s i o n  o f  t h e  i n v a r i a n t  l o c i  i n  t h e  c a l c u l a t i o n s  o f  H ,
H g , D^y and G^y was f o r  e m p h a s i z i n g  on p a r t i t i o n i n g  t h e  
v a r i a t i o n  d e t e c t e d .
C o e f f i c i e n t  o f  gen e  d i f f e r e n t i a t i o n  ( G ^ y )  b e t w e e n  t wo
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( S o u t h  K o r e a n  and  J a p a n e s e )  g e o g r a p h i c  p o p u l a t i o n s  o f  G. so .i a 
was 0 . 0 4 5 9  ( T a b l e  2 1 ) .  I t  i n d i c a t e s  t h a t  o n l y  4 . 59% o f  t h e  
t o t a l  g e n e t i c  v a r i a t i o n  o c c u r s  b e t w e e n  t h e s e  t w o  g e o g r a p h i c  
p o p u l a t i o n s ,  and 9 5 . 4 1 %  o f  t h e  t o t a l  g e n e t i c  v a r i a t i o n  
r e s i d e s  w i t h i n  e a c h  o f  t h e  t w o  g e o g r a p h i c  p o p u l a t i o n s .  The 
am ou n t  o f  g e n e t i c  v a r i a t i o n  w i t h i n  e a c h  g e o g r a p h i c  p o p u l a t i o n  
i s  g r e a t l y  i n c r e a s e d  b e c a u s e  o f  t h e  l a r g e  g e o g r a p h i c  a r e a s ,  
and e a c h  g e o g r a p h i c  p o p u l a t i o n  c o n s i s t s  o f  many p o p u l a t i o n s  
( o r  s u b p o p u l a t i o n s ) .
( 5 ) .  C o m p a r i s o n  o f  12 s e ed a c c e s s i o n s  o f  G. s o . j a
T a b l e  22 l i s t s  t h e  a l l e l e s  and t h e i r  f r e q u e n c i e s  
o b s e r v e d  i n  t h e  12 G. so .i a s e e d  a c c e s s i o n s  s e l e c t e d  f o r  
s t u d y  b a s e d  on t h e i r  l a t i t u d i n a l  l o c a t i o n s  ( T a b l e  1 ) .  O n l y  
t h o s e  v a r i a b l e  l o c i  among t h e s e  12 a c c e s s i o n s  a r e  l i s t e d .
A t  l e a s t  50 s e e d s  p e r  a c c e s s i o n  w e r e  e x a m i n e d .  H i g h  g e n e t i c  
u n i f o r m i t y  was f o u n d  i n  e a c h  o f  t h e  a c c e s s i o n s ,  K 1 0 9 ,  E4,  
K 1 02 ,  K5 2 ,  K101 M and  K 1 1 3 ,  w h i c h  showed m o n o m o r p h i s m  f o r  
a l l  43 l o c i  s c o r e d .  Seeds  o f  e a c h  o f  t h e  f i v e  a c c e s s i o n s ,
K7 ,  K9 ,  K2 8 ,  K31 and K42 w e r e  r e c e i v e d  i n  t wo  o r  t h r e e  
b a t c h e s .  H i g h  g e n e t i c  u n i f o r m i t y  was f o u n d  w i t h i n  e a c h  
b a t c h .  T h u s ,  t h e  a l l e l e  f r e q u e n c y  f o r  e ac h  o f  t h e s e  f i v e  
a c c e s s i o n s  was c a l c u l a t e d  and w e i g h t e d  by numbe r  o f  b a t c h e s .  
Based  on t h e s e  a l l e l e  f r e q u e n c i e s ,  t h e  r e l a t i v e  m e a s u r e s  o f  
g e n e t i c  d i s t a n c e  and i d e n t i t y  ( N e i ,  1 9 7 2 )  b e t w e e n  12 
a c c e s s i o n s  w e r e  c a l c u l a t e d  ( T a b l e  2 3 ) .
The mean v a l u e  o f  g e n e t i c  d i s t a n c e  ( D ^ )  f o r  t h e s e  12
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T a b l e  2 1 .  A p p o r t i o n  o f  gene  d i v e r s i t y  w i t h i n  and b e t w e e n  
t w o  g e o g r a p h i c  p o p u l a t i o n s  ( S .  K o r e a n  and 
J a p a n e s e )  o f  £ .  so .i a .
L o c i
h t Hs d st GS I





0 . 0 1 9 8  
0 . 3 6 6 5  
0 . 1 4 7 2  
0 . 3 1 5 0  
0 . 1 0 4 5
0 . 0 1 9 6  
0 . 3 1 7 3  
0 . 1 3 4 4  
0 . 3 0 4 3  
0 . 0 9 7 9
0 . 0 0 0 2
0 . 0 4 9 2
0 . 0 1 2 8
0 . 0 1 0 7
0 . 0 0 6 6
0 . 0 1 0 1  
0 . 1 3 4 1  
0 . 0 8 7 0  
0 . 0 3 4 0  
0 . 0 6 3 0
A d h l
Adh3
0 . 0 1 0 0
0 . 0 1 0 0
0 . 0 0 9 9
0 . 0 0 9 9
0 . 0 0 0 1
0 . 0 0 0 1
0 . 0 1 0 0
0 . 0 1 0 0
Am3 0 . 4 9 0 2 0 . 3 7 5 0 0 . 1 1 5 2 0 . 2 3 5 0
A£ 0 . 6 3 7 9 0 . 6 2 8 1 0 . 0 0 9 8 0 . 0 1 5 3
D i a l
D i a 2
D i a 3
D i a 4
0 . 4 9 2 8  
0 . 3 9 6 9  
0 . 0 8 6 9  
0 . 1 0 4 5
0 . 4 9 1 0
0 . 3 9 6 2
0 . 0 8 3 7
0 . 0 9 7 9
0 . 0 0 1 8
0 . 0 0 0 7
0 . 0 0 3 2
0 . 0 0 6 6
0 . 0 0 3 7
0 . 0 0 1 8
0 . 0 3 6 8
0 . 0 6 3 0
Enp 0 . 3 8 6 4 0 . 3 8 0 0 0 . 0 0 6 4 0 . 0 1 6 6
Got 0 . 0 6 8 1 0 . 0 6 6 1 0 . 0 0 2 0 0 . 0 2 9 4
I d h 2
I d h 3
I d h 4
0 . 1 8 0 9  
0 . 3 0 4 0  
0 . 1 8 0 0
0 .  1793 
0 . 2 9 8 1  
0 . 1 7 8 2
0 . 0 0 1 6
0 . 0 0 5 9
0 . 0 0 1 8
0 . 0 0 8 8
0 . 0 1 9 4
0 . 0 1 0 0
L a p l 0 . 3 9 0 0 0 . 3 8 1 1 0 . 0 0 8 9 0 . 0 2 2 8
Mpi 0 . 5 3 2 0 0 . 5 2 4 6 0 . 0 0 7 4 0 . 0 1 3 9
P q d l
Pqd2
Pqd3
0 . 4 7 8 5  
0 . 1 4 8 6  
0 . 1045
0 . 4 7 8 1  
0 . 1 3 7 2  
0 . 0 9 7 9
0 . 0 0 0 4
0 . 0 1 1 4
0 . 0 0 6 6
0 . 0 0 0 8  
0 . 0 7 6 7  
0 . 0 6 3 0
P q i l
P g i 2
P q i 3
0 . 0 5 8 6  
0 . 4 8 3 8  
0 . 0 1 9 8
0 . 0 5 7 2  
0 . 4 4 4 6  
0 . 0 1 9 6
0 . 0 0 1 4
0 . 0 3 9 2
0 . 0 0 0 2
0 . 0 2 3 9
0 . 0 8 1 0
0 . 0 1 0 1
Pqml
Pqm2
0 . 1 8 0 0  
0 . 3 9 6 6
0 .  1672 
0 . 3 9 2 8
0 . 0 1 2 8
0 . 0 0 3 8
0 . 0 7 1 1
0 . 0 0 9 5
T i 0 . 0 4 8 8 0 . 0 4 7 5 0 . 0 0 1 3 0 . 0 2 6 6
Mean 0 . 2 4 6 3 0 . 2 3 5 0 0 . 0 1 1 3 0 . 0 4 5 9 *
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Table 23. N e i ' s  measures o f  g e n e tic  d is ta n c e  (D^) and id e n t i t y  ( I N) between tw e lve  £ . so.ja 
seed access ions o f  South Korean and Japan.
K109 E4 K9 K7 K102 K28 K52 K42 K101 K31 M K113
K109 0. 857 0. 769 0.,837 0. 833 0. 828 0. 833 0.,850 0. 786 0.,758 0. 690 0. 714
E4 0. 154 0. 890 0.,900 0. 929 0. 939 0. 905 0.,923 0. 881 0.,908 0. 786 0. 786
K9 0. 263 0. 116 0.,936 0. 890 0. 886 0. 842 0.,810 0. 842 0.,930 0. 818 0. 854
K7 0. 177 0. 105 0. 067 0. 900 0. 875 0. 824 0,,817 0. 850 0..888 0. 812 0. 875
K102 0. 182 0. 074 0. 116 0.,105 0. 889 0. 833 0,,850 0. 810 0..870 0. 714 0. 762
K28 0. 189 0. 063 0. 121 0,,134 0. 117 0. 914 0,,914 0. 840 0,.903 0. 828 0. 840
K52 0. 182 0. 100 0. 172 0,,194 0. 182 0. 090 0,.898 0. 786 0,.821 0. 738 0. 786
K42 0. 162 0. 081 0. 210 0.,202 0. 162 0. 090 0. 107 0. 803’ 0,.838 0. 803 0. 755
K101 0. 241 0. 127 0. 172 0,,163 0. 211 0. 174 0. 241 0,.220 0,.883 0. 810 0. 762
K31 0. 277 0. 097 0. 073 0,,119 0. 139 0. 102 0. 197 0,,176 0. 125 0. 807 0. 807
M 0. 370 0. 241 0. 201 0,.201 0. 336 0. 189 0. 304 0,.220 0. 211 0,.214 0. 786
K113 0. 336 0. 241 0. 158 0,,133 0. 272 0. 174 0. 241 0,.282 0. 272 0,.214 0. 241
M3
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a c c e s s i o n s  i s  0 . 1 7 9  ( r a n g e  0 . 0 6 3  -  0 . 3 7 0 ) ,  w h i c h  i s  s i m i l a r  
t o  t h e  l e v e l  t h a t  A y a l a  and K i g e r  ( 1 9 8 0 )  c a l c u l a t e d  f o r  
p o p u l a t i o n s  i n  e i t h e r  t h e  f i r s t  o r  t h e  s e c o n d  s t a g e  o f  
s p e c i a t i o n ,  w h i c h  a r e  s u b s p e c i e s  o r  i n c i p i e n t  s p e c i e s .  
P o s t z y g o t i c  RIMs ( R e p r o d u c t i v e  I s o l a t i n g  M e c h a n i s m s )  i n  t h e  
f o r m  o f  h y b r i d  s t e r i l i t y  u s u a l l y  e x h i b i t  b e t w e e n  s u b s p e c i e s  
and b e t w e e n  i n c i p i e n t  s p e c i e s .  B u t  no h y b r i d  s t e r i l i t y  was 
o b s e r v e d  i n  any  o f  t h e  c r o s s e s  made b e t w e e n  t h e s e  12 s eed  
a c c e s s i o n s .  S i n c e  s e e d s  o f  a l l  t h e  12 a c c e s s i o n s  w e r e  
i n c r e a s e d  i n  g r e e n h o u s e  and /  o r  f a r m ,  t h e  n um be r  o f  o r i g i n a l  
p l a n t s  s a m p l e d  f r o m  t h e  f i e l d  and c o n t r i b u t e d  t o  t h e  s eed  
w h i c h  w e r e  e x a m i n e d  i n  t h i s  s t u d y  i s  u n k n o w n .  The h i g h  seed  
p u r i t y  o f  e a c h  a c c e s s i o n  s u g g e s t s  t h a t  t h e  s e e d s  u s e d  i n  
t h e  p r e s e n t  s t u d y  may h a v e  been  d e s c e n d e d  f r o m  a s m a l l  
num be r o f  p l a n t s .  B e c a u s e  o f  t h e  s a m p l i n g  e r r o r  ( F o u n d e r ' s  
p r i n c i p l e ,  r ando m g e n e t i c  d r i f t ) ,  t h e  s eed  a c c e s s i o n s  
e x a m i n e d  i n  t h i s  s t u d y  may r e p r e s e n t  o n l y  a p o r t i o n  o f  
g e n e t i c  v a r i a t i o n  e x i s t i n g  i n  t h e  o r i g i n a l  p o p u l a t i o n s  f r o m  
w h i c h  t h e  s e e d s  w e r e  s a m p l e d .  I n  a d d i t i o n  t o  t h e  s a m p l i n g  
e r r o r ,  t h e  h i g h l y  s e l f i n g  b r e e d i n g  s y s t e m  may h a v e  r e s u l t e d  
i n  m o s t  s e e d s  i n  e a c h  a c c e s s i o n  b e i n g  f i x e d  f o r  one a l l e l e  
i n  a l l  o r  m o s t  l o c i  e x a m i n e d .  The h i g h  g e n e t i c  u n i f o r m i t y  
w i t h i n  a c c e s s i o n s ,  and  t h e  o c c a s i o n a l  l o c i  f i x e d  by c h a n c e  
f o r  d i f f e r e n t  a l l e l e s  among a c c e s s i o n s  w i l l  g r e a t l y  e n l a r g e  
t h e  m e a s u r e  o f  g e n e t i c  d i s t a n c e  ( DN ) -  H o w e v e r ,  i f  t h e  
g e n o t y p e s  o b s e r v e d  f o r  e ac h  s eed  a c c e s s i o n  r e p r e s e n t  t h e  
m o s t  common o n e s  i n  t h e i r  w i l d  p o p u l a t i o n s ,  t h e  DN o b t a i n e d
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can  s t i l l  be u s e d  as a m e a s u r e  f o r  r e l a t i v e  g e n e t i c  d i s t a n c e  
b e t w e e n  s e e d  a c c e s s i o n s .  The d a t a  c o l l e c t e d  f r o m  E4 and 
n a t u r a l  p o p u l a t i o n  S seem t o  s u p p o r t  t h e  i d e a  t h a t  t h e  
o b s e r v e d  g e n o t y p e s  r e p r e s e n t  t h e  m o s t  common a l l e l e s  i n  t h e  
w i l d  p o p u l a t i o n s .  B o t h  E4 and p o p u l a t i o n  S w e r e  s a m p l e d  
f r o m  M o r i o k a ,  J a p a n .  A l l  o f  t h e  a l l e l e s  f i x e d  i n  E4 we r e  
t h e  m o s t  common a l l e l e s  f o u n d  i n  e ac h  l o c u s  o f  p o p u l a t i o n  S 
( A p p e n d i x  I I I ) .
The Dn s ' o f  t h e  f o l l o w i n g  a c c e s s i o n  p a i r s  w e r e  s m a l l  
and l e s s  t h a n  0 . 0 8 0 :  E4 -  K28 ( 0 . 0 6 3 ) ,  K9 -  K7 ( 0 . 0 6 7 ) ,
K9 -  K31 ( 0 . 0 7 3 )  and E4 -  K102 ( 0 . 0 7 4 )  ( T a b l e  2 3 ) .  A l t h o u g h  
t h e  g e o g r a p h i c a l  d i s t a n c e  b e t w e e n  E4 and K7 ,  K9 ,  K 2 8 ,  K31 
and K102 i s  l a r g e  ( F i g u r e  1 ) ,  t h e  l a t i t u d i n a l  d i f f e r e n c e  
among t h e i r  s a m p l i n g  s i t e s  a r e  r e l a t i v e l y  s m a l l .  The 
r e s u l t s  s u g g e s t  t h a t  l a t i t u d i n a l  d i f f e r e n c e  has  more  
i n f l u e n c e  on t h e  g e n e t i c  d i f f e r e n t i a t i o n  o f  p o p u l a t i o n s  
t h a n  t h e  g e o g r a p h i c a l  d i s t a n c e .  The h i g h  g e n e t i c  d i s t a n c e s  
f o u n d  b e t w e e n  K109 and  M (D = 0 . 3 7 0 ) ,  and K109 and K113 
(D^  = 0 . 3 3 6 )  seem t o  s u p p o r t  t h i s  s u g g e s t i o n .  The 
l a t i t u d i n a l  d i f f e r e n c e s  b e t w e e n  K109 and K 1 1 3 ,  and b e t w e e n  
K109 and M a r e  t h e  t w o  l a r g e s t  f o u n d  among a l l  t h e  
a c c e s s i o n  p a i r s  e x a m i n e d .
P r i n c i p a l  c o m p o n e n t s  a n a l y s i s  b a s e d  on 57 a l l e l e  
f r e q u e n c i e s  ( T a b l e  2 2 )  was a p p l i e d  t o  v i s u a l i z e  t h e  r e l a ­
t i o n s h i p s  among t h e s e  12 seed  a c c e s s i o n s  by p r o j e c t i o n  o f  
a c c e s s i o n  p o s i t i o n s  i n  5 7 - d i m e n s i o n a l  s p a c e  o n t o  a p l a n e  
d e f i n e d  by t h e  f i r s t  t w o  p r i n c i p a l  c o m p o n e n t s .  The i n p u t
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d a t a  m a t r i x  c o n s i s t e d  o f  a l l e l e  f r e q u e n c i e s  f o r  57 a l l e l e s  
i n  12 a c c e s s i o n s .  From t h i s  m a t r i x ,  a v a r i a n c e - c o v a r i a n c e  
m a t r i x  was d e r i v e d  f r o m  w h i c h  p r i n c i p a l  c o m p o n e n t s  w e r e  
e x t r a c t e d .  The p r i n c i p a l  c o m p o n e n t s  r e p r e s e n t  l e a s t - s q u a r e  
l i n e s  t h r o u g h  t h e  m u l t i d i m e n t i o n a l  s p a c e  d e f i n e d  by t h e  57 
a l l e l e s .  The c o m p u t e r  p r o g r a m  'CLUSTAN'  ( W i s h a r t ,  1 9 7 8 )  was 
u s e d .  The p o s i t i o n s  o f  t h e  12 a c c e s s i o n s  on t h e  f i r s t  t wo  
p r i n c i p a l  c o m p o n e n t  a x e s  b a s e d  on a l l e l e  f r e q u e n c y  i s  
g r a p h i c a l l y  i l l u s t r a t e d  i n  F i g u r e  17 .  The f i r s t  t wo  com­
p o n e n t s  a c c o u n t e d  f o r  19 . 50% and 14 . 92% o f  t h e  t o t a l  
v a r i a n c e ,  r e s p e c t i v e l y .  No d i s t i n c t i v e  g r o u p  o f  a c c e s s i o n s  
was f o r m e d  by t h e s e  t w o  c o m p o n e n t s .  A g r a p h  o f  t h e  f i r s t  
p r i n c i p a l  c o m p o n e n t  a g a i n s t  l a t i t u d i n a l  l o c a t i o n  f o r  t h e  
12 a c c e s s i o n s  i s  shown i n  F i g u r e  18 .  A s t r o n g  c o r r e l a t i o n  
( r  = - 0 . 6 9 5 ,  P = 0 . 0 5 )  was o b s e r v e d  b e t w e e n  t h e s e  t wo  a x e s .  
The c o r r e l a t i o n  b e t w e e n  l a t i t u d i n a l  l o c a t i o n  and t h e  
r e m a i n i n g  p r i n c i p a l  c o m p o n e n t s  w e r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  z e r o .  T h u s ,  t h e r e  i s  a b o u t  20% o f  t h e  t o t a l  
g e n e t i c  v a r i a t i o n  o f  t h e s e  12 IS. so .i a s eed  a c c e s s i o n s  
a s s o c i a t e d  s i g n i f i c a n t l y  w i t h  l a t i t u d e .  A l l e l e s  o f  A c o 2 - a , 
A c o 2 - c , A p - a , D i a l - a  and D i a l - b  c o n t r i b u t e  t h e  m o s t  t o  t h e  
f i r s t  p r i n c i p a l  c o m p o n e n t .
( 4 ) .  F o u r  w i l d  p o p u l a t i o n s  c o l l e c t e d  a l o n g  t h e  K i t a k a m i  
r i v e r
Seeds  w e r e  c o l l e c t e d  f r o m  f o u r  n a t u r a l  p o p u l a t i o n s  
n e a r  t h e  K i t a k a m i  r i v e r ,  I w a t e  P r e f e c t u r e ,  n o t h e r n  J a p a n ,  
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F ig u re  17. A p lo t  o f  12 G. so.ja seed access ions on th e  f i r s t  two 
p r in c ip a l  component axes based on a l le le  fre q u e n c ie s .
The f i r s t  p r in c ip a l  component (PCO 1) accoun ts  fo r  19.50% 
and the  second p r in c ip a l  component (PCO 2) accoun ts fo r  
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A graph o f  th e  f i r s t  p r in c ip a l  component (PCO 1) (based on 
a l le le  fre q u e n c ie s ) a g a in s t la t i t u d in a l  lo c a t io n  o f  the  
12 G. so.ja seed access ions .
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s a m p l e d  s e p a r a t e l y .  S i n c e  t h e s e  w i l d  s o y b e a n  p o p u l a t i o n s  
w e r e  g r o w i n g  i n  5 -  10 m e t e r s  w i d t h  a l o n g  t h e  r i v e r  b a n k s  
i n t e r m i n g l i n g  w i t h  o t h e r  p l a n t  s p e c i e s ,  i t  was d i f f i c u l t  t o  
s e p a r a t e  e a c h  i n d i v i d u a l  p l a n t  i n  a c o l o n y .  T w e n t y  one t o  
t w e n t y  f i v e  v i n e s  e a c h  w i t h  f o u r  o r  more  m a t u r e  p o d s  f r o m  
s e p a r a t e  s i t e s  a t  l e a s t  1 - 2  m e t e r s  a p a r t  e a c h  o t h e r  w e r e  
c o l l e c t e d  f o r  e a c h  p o p u l a t i o n .  Each  o f  t h e s e  21 t o  25 v i n e s  
was t r e a t e d  as a d i f f e r e n t  p l a n t  i n  t h i s  s t u d y .  The 
K i t a k a m i  r i v e r  o r i g i n a t e s  a t  t h e  n o r t h  o f  M o r i o k a  c i t y ,  
f l o w s  i n  t h e  m i d s t  o f  I w a t e  P r e f e c t u r e  and t e r m i n a t e s  i n  
n e a r b y  I s h i n o m a k i  c i t y ,  M i y a g i  P r e f e c t u r e  ( F i g u r e  1 9 ) .  The 
r i v e r  r u n s  f r o m  n o r t h  t o  s o u t h  and c o n n e c t s  many s m a l l
r i v e r s  ( t h e  S h i z u k u i s h i  r i v e r ,  I w a i g a w a  r i v e r  and so o n ) .
The c o l l e c t i o n  s i t e s  o f  t h e s e  f o u r  p o p u l a t i o n s  f r o m  n o r t h  
t o  s o u t h  w e r e :
( a )  The G a n d a i  p o p u l a t i o n  (G)  a t  l a t i t u d e  3 9 . 9 6  N —
21 p l a n t s  ( G1 -  G21)  w e r e  c o l l e c t e d  a t  t h e  I w a t e  
U n i v e r s i t y  c a m p u s ,  M o r i o k a .  T h i s  p l a c e  i s  a t e r r a c e
l a n d  f o r m e d  by t h e  K i t a k a m i  r i v e r ,  300 -  400 m e t e r s
a p a r t  f r o m  t h e  p r e s e n t  s t r e a m .
( b )  The S h i z u k u i s h i  p o p u l a t i o n  ( S )  a t  l a t i t u d e  3 9 . 7 0  N —  
25 p l a n t s  ( S I  -  S25)  c o l l e c t e d  a t  t h e  S h i z u k u i s h i  
r i v e r  s h o r e ,  M o r i o k a ,  3 kms f r o m  t h e  I w a t e  U n i v .
T h i s  r i v e r  c o n n e c t s  t o  t h e  K i t a k a m i  r i v e r  a t  s o u t h
o f  M o r i o k a  c i t y .
( c )  The K i t a k a m i  p o p u l a t i o n  ( K )  a t  l a t i t u d e  3 9 . 3 0  N —
25 p l a n t s  ( K 1 - K 2 5 )  w e r e  c o l l e c t e d  a t  t h e  K i t a k a m i
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N o r t h e r n  p a r t  o f  J a p a n  Ho ns hu  I s l a n d
u - ^ J O k m
I w a t e  P r e f e c t u r e
I w a t e
S h i z u k u i s m i  r i v e r
M o r i o k a  k c i t y  
K i t a k a m ®  r i v e r
K i t a k a m i ?  c i t y
I w a i a a w a  r i \ » e r I c h i n o s e k i  c i t y
* » M i y a g i  1 P r e f e c t u r e
I s h i n o m a k i  c i t y
F i g  19 The c o l l e c t i n g  s i t e s  ( • )  o f  f o u r  p o p u l a t i o n s  




r i v e r  s h o r e  i n  K i t a k a m i  c i t y .
( d )  The I w a i g a w a  p o p u l a t i o n  ( I )  a t  l a t i t u d e  3 8 . 9 2  —
25 p l a n t s  ( I I  -  1 2 5 )  w e r e  c o l l e c t e d  a t  t h e  I w a i g a w a  
r i v e r  s h o r e  i n  I c h i n o s e k i  c i t y .  I w a i g a w a  r i v e r  
c o n n e c t s  t o  t h e  K i t a k a m i  r i v e r  a t  n o r t h  o f  I c h i n o s e k i  
c i t y .
The t o t a l  a r e a  d i s t a n c e  b e t w e e n  n o r t h  G p o p u l a t i o n  t o  s o u t h  
I  p o p u l a t i o n  i s  a b o u t  120 kms.
( A )  G e n e t i c  d i v e r s i t y
T a b l e s  24 and 25 a r e  t h e  l i s t s  o f  a l l e l e s  o b s e r v e d  i n  
v a r i a b l e  l o c i  and t h e i r  f r e q u e n c i e s  i n  t h e s e  f o u r  n a t u r a l  
p o p u l a t i o n s  o f  G. s o j a , b a s e d  on t h e  g e n o t y p e s  o f  p l a n t s  
s a m p l e d  and s e e d s  c o l l e c t e d ,  r e s p e c t i v e l y .  A t o t a l  o f  39 
a l l e l e s  was o b s e r v e d  i n  16 v a r i a b l e  l o c i  o f  e nz y m e s  e x a m i n e d .  
The P q i 2  l o c u s  was e x c l u d e d  i n  T a b l e  25 b e c a u s e  o f  t h e  
d o m i n a n t - r e c e s s i v e  r e l a t i o n s h i p  b e t w e e n  t h e  P q i 2  and p q i 2  
a l l e l e s .  The g e n o t y p e s  o f  s e e d s  i n  t h i s  l o c u s  c a n n o t  be 
d e t e r m i n e d  d i r e c t l y  f r o m  t h e  p h e n o t y p e s  o b s e r v e d .  The 
a l l e l i c  f r e q u e n c i e s  b a s e d  on p l a n t s  and t h e i r  o f f s p r i n g s  a r e  
s i m i l a r  ( T a b l e s  24 and 2 5 ) .  A numbe r  o f  s i g n i f i c a n t  
d i f f e r e n c e s  i n  a l l e l e  f r e q u e n c y  among p o p u l a t i o n s  w e r e  seen  
a t  i n d i v i d u a l  l o c i .  H o w e v e r ,  no c o n s i s t e n t  n o r t h  -  s o u t h  
p a t t e r n  o f  v a r i a t i o n  was o b s e r v e d .
Among t h e  16 v a r i a b l e  enzyme l o c i ,  p o p u l a t i o n  G had 
s i x  l o c i  f i x e d  f o r  one a l l e l e ,  S had t w o ,  K had f i v e ,  w h i l e  
p o p u l a t i o n  I  was v a r i a n t  i n  a l l  16 l o c i .  C o n s e q u e n t l y ,  
p o p i l a t i o n  I  had a h i g h e r  n u m be r  o f  a l l e l e s  p e r  l o c u s ,
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Table 24. A l i s t  o f  a l l e l e s  observed and t h e i r  f re q u e n c ie s  o f  the  fo u r  
n a tu r a l  G. so.ja p o p u la t io n s  a long  K ita kam i r i v e r ,  Japan, 
(based oh the  genotypes o f  the  p la n ts  t h a t  sampled)
P o p u la t io n
G S K I Mean
Aco2-a 0.43 0.40 0 0.48 0.3275
Aco2-c 0.57 0 .60 1.00 0.52 0.6725
Aco4-a 0.43 0 0.20 0.32 0.2375
Aco4-b 0.57 1.00 0.80 0.68 0.7625
Am3-s 1.00 0 .66 0.96 0.68 0.8250
Am3-f 0 0 .34 0.04 0.32 0.1750
Ap-a 0.48 0.80 0.40 0.04 0.4300
Ap-b 0.28 0 0 0.48 0.1900
Ap-c 0.24 0.20 0 .60 0.48 0.3800
D ia l - a 0.86 0.90 0.96 0.04 0.6900
D ia l - b 0.14 0.10 0.04 0.96 0.3100
D ia2-a 0 0 0 0.28 0.0700
D ia2-b 1.00 1.00 1.00 0.72 0.9300
Enp-a 0.10 0 .26 0.40 0.40 0.2900
Enp-b 0.61 0.74 0 .24 0.60 0.5475
Enp-c 0.29 0 0 .36 0 0.1625
Idh2-a 1.00 0 .86 1.00 0.96 0.9550
Idh2-b 0 0 0 0.04 0.0100
Idh2 -c 0 0 .14 0 0 0.0350
Idh3-a 0 0 0 0.28 0.0700
Idh3-b 1.00 0 .92 0.44 0.66 0.7550
Idh3 -c 0 0 .08 0.56 0.06 0.1750
Idh4-a 1.00 0 .86 1.00 0.96 0.9550
Idh4-b 0 0.14 0 0.04 0.0450
L a p l-a 0 0 .14 0.20 0.66 0.2500
L a p l-b 1.00 0 .86 0.80 0.34 0.7500
Mpi-a 0 0 0.04 0 0.0100
Mpi-b 0.57 0 .84 0.50 0.60 0.6275
Mpi-c 0.43 0 .16 0.46 0.40 0.3625
P qd l-a 0.14 0.18 0.04 0.34 0.1750
Pqd l-b 0.48 0.36 0.72 0.66 0.5550
P qd l-c 0.10 0 .24 0.24 0 0.1450
pqdl 0.28 0 .22 0 0 0.1250
Pqi2 0.67 0.36 0.76 0.80 0.6475
pg i2 0.33 0 .64 0.24 0.20 0.3525
Pqml-a 0.62 0.82 1.00 0.96 0.8500
Pqml-b 0.38 0.18 0 0.04 0.1500
Pqm2-a 0.86 0.92 0.78 0.56 0.7800
Pqm2-b 0.14 0 .08 0.22 0.44 0.2200
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Table 25. A l i s t  o f  a l l e l e s  observed and t h e i r  f re q u e n c ie s  o f  the  fo u r  
n a tu r a l  G. so.ja p o p u la t io n s  a long  K ita ka m i r i v e r ,  Japan, 
(based on the  genotypes o f  seeds c o l le c te d )
P o p u la t io n
G S _________ K_____________ I____________ Mean
Aco2-a 0.430 0.347 0 0.480 0.3143
Aco2-c 0.570 0.653 1.000 0.520 0.6856
Aco4-a 0.430 0 0.203 0.320 0.2383
Aco4-b 0.570 1.000 0.797 0.680 0.7617
Am3-s 1.000 0.656 0.962 0.680 0.8245
Am3-f 0 0.344 0.038 0.320 0.1755
Ap-a 0.480 0.807 0.377 0.040 0.4260
Ap-b 0.280 0 0 0.480 0.1900
Ap-c 0.240 0.193 0.623 0.480 0.3840
D ia l -a 0.860 0.890 0.962 0.040 0.6880
D ia l -b 0.140 0.110 0.038 0.960 0.3120
D ia2-a 0 0 0 0.280 0.0700
D ia2-b 1.00 1.00 1.00 0.720 0.9300
Enp-a 0.100 0.240 0.413 0.400 0.2883
Enp-b 0.610 0.760 0.227 0.600 0.5493
Enp-c 0.290 0 0.360 0 0.1625
Idh2-a 1.000 0.820 1.000 0.960 0.9450
Idh2-b 0 0 0 0.040 0.0100
Idh2 -c 0 0.180 0 0 0.0450
Idh3-a 0 0 0 0.280 0.0700
Idh3-b 1.000 0.930 0.453 0.660 0.7608
Idh3 -c 0 0.070 0.547 0.060 0.1693
Idh4-a 1.000 0.811 1.000 0.960 0.9428
Idh4-b 0 0.189 0 0.040 0.0572
L a p l-a 0 0.167 0.222 0.645 0.2585
L a p l-b 1.000 0.833 0.778 0.355 0.7415
Mpi-a 0 0 0.038 0 0.0095
Mpi-b 0.570 0.846 0.523 0.600 0.6348
M pi-c 0.430 0.154 0.439 0.400 0.3558
Pqd l-a 0.140 0.171 0.038 0.335 0.1710
Pqd l-b 0.480 0.368 0.698 0.665 0.5528
P qd l-c 0.100 0.215 0.264 0 0.1448
pqd l 0.280 0.246 0 0 0.1315
Pqml-a 0.620 0.781 1.000 0.960 0.8403
Pqml-b 0.380 0.219 0 0.040 0.1597
Pqm2-a 0.860 0.930 0.769 0.560 0.7798
Pqm2-b 0.140 0.070 0.231 0.440 0.2202
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p o l y m o r p h i s m  (99% l e v e l )  and  e x p e c t e d  h e t e r o z y g o s i t y  t h a n  
t h e  o t h e r  t h r e e  p o p u l a t i o n s  ( T a b l e  2 6 ) .  T h e r e  w e r e  f i v e  
a l l e l e s ,  A p - a , D i a l - a , I d h 2 - b , I d h 4 - b  and P q m l - b , e a c h  o f  
them  was shown o n l y  i n  one p l a n t  o f  p o p u l a t i o n  I .  Among 
them t h e  a l l e l e s  A p - a  and  P g m l - b  w e r e  e x h i b i t e d  by a s i n g l e  
i n d i v i d u a l .  T he s e  r a r e  a l l e l e s  r e s u l t e d  i n  a l a r g e  r e d u c t i o n  
o f  p o l y m o r p h i s m  i n  p o p u l a t i o n  I  a t  95% l e v e l  v e r s u s  t h e  99% 
l e v e l  ( T a b l e  2 6 ) .  The a p p e a r a n c e  o f  a u n i q u e  i n d i v i d u a l  i n  
a p r e d o m i n a n t l y  s e l f i n g  p l a n t  p o p u l a t i o n ,  s u c h  as G. so.i a , 
i s  more  l i k e l y  t h r o u g h  s e e d  f l o w  i n s t e a d  o f  p o l l e n  f l o w .
The d o w n s t r e a m  p o s i t i o n  o f  p o p u l a t i o n  I  may i n c r e a s e  t h e  
gene f l o w  by s e e d  d e p o s i t i n g  f r o m  t h e  u p s t r e a m  p o p u l a t i o n s .
The o v e r a l l  n u m b e r  o f  a l l e l e s  p e r  l o c u s  f o r  t h e s e  f o u r  
p o p u l a t i o n s  was 2 . 4 4  f o r  v a r i a b l e  l o c i ,  and 1 . 5 5  f o r  a l l  t h e  
l o c i  e x a m i n e d .  The n u m b e r  o f  a l l e l e s  p e r  l o c u s  f o r  e ac h  
p o p u l a t i o n  o f  G, S,  K and  I  w e r e  1 . 3 3 ,  1 . 3 8 ,  1 . 3 3  and 1 . 4 3 ,  
r e s p e c t i v e l y  ( T a b l e  2 6 ) .  They  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  ( F - t e s t )  and  a r e  w i t h i n  t h e  r a n g e  ( 1 . 0 0  -  3 . 7 5 )  
r e p o r t e d  by H a m r i c k  ( 1 9 7 9 )  b a s e d  on 39 a n n u a l s .  The l o w  
end o f  t h i s  r a n g e  i s  a t o t a l l y  m o n o m o r p h i c  p o p u l a t i o n .
The o v e r a l l  p o l y m o r p h i s m  (99% l e v e l )  e s t i m a t e d  f o r  t h e  
f o u r  p o p u l a t i o n s  was 38 . 1% ( 1 6  p o l y m o r p h i c  l o c i  /  42 l o c i  
e x a m i n e d ) .  T h i s  v a l u e  i s  h i g h e r  t h a n  an a v e r a g e  p o l y m o r p h i s m  
o f  23 .1% r e p o r t e d  by A y a l a  ( 1 9 8 2 )  b a s e d  on 12 s e l f - p o l l i ­
n a t i n g  p l a n t  s p e c i e s  ( a n  a v e r a g e  o f  15 l o c i  p e r  s p e c i e s  was 
s t u d i e d ) .
The o v e r a l l  e x p e c t e d  h e t e r o z y g o s i t y  o f  t h e  f o u r
T a b l e  2 6 .  G e n e t i c  d i v e r s i t y  o f  t h e  f o u r  n a t u r a l  p o p u l a t i o n s  (G,  S,  K and I )  
a l o n g  t h e  K i t a k a m i  r i v e r ,  J a p a n .
# o f  a l l e l e s % p o l y m o r p h i s m E x p e c t e d  H e t e r o z y g o s i t y
v a r i a b l e
l o c i
t o t a l
l o c i
99%
l e v e l
95%
l e v e l
Hexp 
t o t a l  l o c i
Hexp 
v a r i .  l o c i
G 1.88 1.33 24 24 0.112 0.293
S 2.00 1.38 33 33 0.110 0.285
K 1. 88 1. 33 26 21 0.101 0.255
I 2.13 1 .43 38 29 0.138 0.361
p o o l
n n ni i 1 af i* on 2. 44 1 .55 38.1 38.1 0.114 0.299
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p o p u l a t i o n s  was 0 . 1 1 4  ( T a b l e  2 6 )  w h i c h  was w i t h i n  t h e  r a n g e  
( 0 . 0 0 0  -  0 . 4 1 4 )  t h a t  H a m r i c k  ( 1 9 7 9 )  c o m p i l e d  f o r  39 a n n u a l  
p l a n t s .
The e x p e c t e d  ( H e x p )  and o b s e r v e d  ( H o b s )  h e t e r o z y g o s i t i e s  
o f  t h e  f o u r  n a t u r a l  p o p u l a t i o n s  a r e  l i s t e d  i n  T a b l e s  27 and 
28 b a s e d  on t h e  p l a n t s  s a m p l e d  and t h e i r  o f f s p r i n g s  
c o l l e c t e d ,  r e s p e c t i v e l y .  A l t h o u g h  t h e r e  a r e  no s i g n i f i c a n t  
d i f f e r e n c e  among t h e  f o u r  mean H e x p s ,  i n d i c a t i n g  t h a t  t h e  
f o u r  p o p u l a t i o n s  a r e  n o t  s t a t i s t i c a l l y  d i f f e r e n t  i n  t h e  
a m o u n t  o f  t o t a l  g e n e t i c  v a r i a t i o n ,  t h e y  do show v a r i a t i o n  i n  
Hexp o f  s e v e r a l  l o c i  ( T a b l e s  27 and 2 8 ) .  The m o s t  v a r i a b l e  
l o c u s  i n  p o p u l a t i o n  G was P g d l , c o n t a i n i n g  f o u r  a l l e l e s ,  
w i t h  a Hexp = 0 . 6 6 2 .  I n  p o p u l a t i o n  S t h e  m o s t  v a r i a b l e  l o c u s  
was a l s o  P g d l , w i t h  f o u r  a l l e l e s  and Hexp = 0 . 7 3 2 .  L o c u s  
Enp w i t h  t h r e e  a l l e l e s  showed  t h e  h i g h e s t  Hexp ( 0 . 6 5 3 )  among 
t h e  16 v a r i a b l e  l o c i  e x a m i n e d  i n  p o p u l a t i o n  K.  And l o c u s  Ajd 
w i t h  t h r e e  a l l e l e s  and  Hexp = 0 . 5 3 8  i n  p o p u l a t i o n  I  ( T a b l e  
2 7 ) .  The f o u r  p o p u l a t i o n s  w e r e  a l s o  d i f f e r e n t  i n  t h e  numbe r  
o f  h e t e r o z y g o t e s  o b s e r v e d .  The t wo  m i d d l e  p o p u l a t i o n s  (S 
and K)  had h i g h e r  Hobs t h a n  G and I  w h i c h  w e r e  t h e  m os t  
n o r t h e r n  and s o u t h e r n  p o p u l a t i o n s .  The a v e r a g e  o f  Hobs i n  
t h e s e  n a t u r a l  p o p u l a t i o n s  was 2 .3% ( T a b l e  2 7 ) ,  much h i g h e r  
t h a n  0 . 06% and 0 . 11 % r e p o r t e d  by C h i a n g  ( 1 9 8 1 )  and Gorman
( 1 9 8 3 ) ,  r e s p e c t i v e l y  f o r  c u l t i v a t e d  s o y b e a n s .  The 
r e m a r k a b l e  d e c r e a s e  i n  Hobs f r o m  t h e  t h e o r e t i c a l  Hexp i s  
due t o  t h e  p r e d o m i n a n t l y  s e l f - f e r t i l i z a t i o n  o f  G. s o j  a . The 
l e s s e r  a m o u n t  o f  o b s e r v e d  h e t e r o z y g o s i t y  i n  t h e  o f f s p r i n g
Table 27. The expected (Hexp) and observed (Hobs) h e te ro z y g o s i t ie s  o f  the  fo u r  n a tu ra l  
G. so ja  p o p u la t io n s  a long the K itakam i r i v e r ,  ja p a n * .
V a r ia b le
lo c i
G S
# o f  
a l l e l e s Hexp Hobs
# o f  
a l l e l e s Hexp
Aco2 2 0.490 0 2 0.480
Aco4 2 0.490 0 1 0
Am3 1 0 0 2 0.449
A£ 3 0.634 0 2 0.320
D ia l 2 0.241 0 2 0.180
Dia2 1 0 0 1 0
Enp 3 0.534 0 2 0.385
Idh2 1 0 0 2 0.241
Idh3 1 0 0 2 0.147
Idh4 1 0 0 2 0.241
Lapl 1 0 0 2 0.241
Mpi 2 0.490 0 2 0.241
Pqdl 4 0.662 0 4 0.732
Pqi2 2 0.442 0 2 0.461
Pqml 2 0.471 0 2 0.295
Pqm2 2 0.241 0 2 0.147
K I
# o f  # o f
Hobs a l le l e s Hexp Hobs a l le l e s Hexp Hobs
0.080 1 0 0 2 0.499 0
0 2 0.320 0.080 2 0.435 0
0.040 2 ' 0.077 0 2 0.435 0
0.080 2 0.480 0 3 0.538 0
0.040 2 0.077 0 2 0.077 0
0 1 0 0 2 0.403 0
0.120 3 0.653 0.080 2 0.480 0
0.040 1 0 0 2 0.077 0
0 2 0.493 0.080 3 0.482 0.04
0.040 1 0 0 2 0.077 0
0.040 2 0.320 0.080 2 0.449 0.04
0.080 3 0.537 0.200 2 0.480 0
0.080 3 0.422 0 2 0.449 o o
0 2 0.365 0 2 0.320 0
0.040 1 0 0 2 0.077 0
0 2 0.343 0.120 2 0.493 0
Mean** 1.88 0.293 0 2.00 0.285 0.043 1.88 0.255 0.040 2 .13 0.361 0.008
* The a l l e l e  f requenc ies  are based on the  genotypes o f  the p la n ts  sampled
* *  The o v e r a l l  mean o f  Hexp = 0.299 ( f o r  v a r ia b le  l o c i ) ;  Hobs = 0.023 ( f o r  v a r ia b le  l o c i ) ;
Hexp = 0.114 ( f o r  a l l  l o c i  examined)
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Table 28. The expected (Hexp) and observed (Hobs) h e te ro z y g o s i t ie s  o f  the  fo u r  n a tu ra l  
G. so.ja p o p u la t io n s  along the  K itakam i r i v e r ,  Japan. ( C a lc u la t io n  based on 
the  genotypes o f  seeds c o l le c te d )
G S K I
V a r ia b le # o f # o f o f # o f
l o c i a l l e l e s Hexp Hobs a l le l e s Hexp Hobs a l le l e s Hexp Hobs a l le l e s Hexp Hobs
Aco2 2 0.490 0 2 0.453 0.028 1 0 0 2 0.499 0
Aco3 2 0.490 0 1 0 0 2 0.324 0.085 2 0.435 0
Am3 1 0 0 2 0.451 0.009 2 0.073 0 2 0.435 0
A£ 3 0.634 0 2 0.312 0.018 2 0.470 0 3 0.538 0
D ia l 2 0.241 0 2 0.196 0.009 2 0.073 0 2 0.077 0
Dia2 1 0 0 1 0 0 1 0 0 2 0.403 0
Enp 3 0.534 0 2 0.365 0.027 3 0.648 0.053 2 0.480 0
Idh2 1 0 0 2 0.295 0.026 1 0 0 2 0.077 0
Idh3 1 0 0 2 0.130 0 2 0.496 0.066 3 0.482 0
IdhA 1 0 0 2 0.307 0.026 1 0 0 2 0.077 0
Lapl 1 0 0 2 0.278 0.018 2 0.345 0.028 2 •0.458 0.01
Mpi 2 0.490 0 2 0.261 0.018 3 0.532 0.198 2 0.480 0
Pgdl 4 0.662 0 4 0.729 0.009 3 0.442 0 2 0.446 0.01
Pgml 2 0.471 0 2 0.342 0.026 1 0 0 2 0.077 0
Pqm2 2 0.241 0 2 0.130 0 2 0.355 0.047 2 0.493 0
Mean* 1.88 0.293 0 2.00 0.283 0.040 1 .88 0.251 0.032 2.13 0.364 0 .001
* The o v e r a l l  mean Hexp = 0 .298; Hobs = 0.012
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p o p u l a t i o n  ( T a b l e  2 8 )  t h a n  t h e  p a r e n t a l  p o p u l a t i o n  ( T a b l e  2 7 )  
may a l s o  be t h e  c o n s e q u e n c e  o f  s e l f - f e r t i l i z a t i o n ,  o r  t h e  
p o s t  e m e r g e n c e .  H o w e v e r ,  w h e t h e r  t h e  2 . 3% h e t e r o z y g o s i t y  
r e p r e s e n t s  an a v e r a g e  t h r o u g h  y e a r s  i s  u n k n o w n .  I t  w o u l d  
r e q u i r e  s e v e r a l  y e a r l y  d a t a  c o l l e c t i o n  t o  a n s w e r  t h e  
q u e s t i o n .
( B )  A p p o r t i o n m e m t  o f  gene  d i v e r s i t y
The w i t h i n  p o p u l a t i o n  gene  d i v e r s i t y  ( H ^ )  o f  t h e  f o u r  
G. so . j a  n a t u r a l  p o p u l a t i o n s  v a r i e d  f r o m  0 . 0 8  i n  I d h 2  and 
I  d h 4 l o c i  t o '  0 . 5 6 6  i n  P g d l , w i t h  an a v e r a g e  o f  0 . 2 9 9  f o r  a l l  
t h e  v a r i a b l e  l o c i  e x a m i n e d  ( T a b l e  2 9 ) .  The mean gene  
d i v e r s i t y  w i t h i n  p o p u l a t i o n s  i n  a u t o g a m o u s  p l a n t  s p e c i e s  was 
0 . 1 2 8 ,  c o m p i l e d  f r o m  39 s t u d i e s  by L o v e l e s s  and H a m r i c k  
( 1 9 8 4 ) .  B r own  ( 1 9 7 9 )  a l s o  r e p o r t e d  an a v e r a g e  o f  0 . 1 2 6  
( r a n g e  0 . 0 2 2  -  0 . 2  3 9 )  f o r  H ^  on a g e o g r a p h i c  s c a l e  f o r  13 
i n b r e d  p l a n t  s p e c i e s ,  and a r a n g e  f r o m  0 . 1 5  t o  0 . 2 9  on a 
m i c r o g e o g r a p h i c  s c a l e  f o r  f o u r  i n b r e d  p l a n t  s p e c i e s .  These  
c o m p a r i s o n s  i n d i c a t e  t h a t  t h e  f o u r  G. so, ja  n a t u r a l  
p o p u l a t i o n s  h a v e  h i g h  w i t h i n  p o p u l a t i o n  gene  d i v e r s i t y  as 
an i n b r e e d e r .
G ^ j  m e a s u r e s  t h e  p r o p o r t i o n  o f  v a r i a t i o n  among 
p o p u l a t i o n s  r e l a t i v e  t o  t h e  t o t a l  s p e c i e s '  d i v e r s i t y ,  o r  
t h e  p r o p o r t i o n  o f  v a r i a t i o n  among p o p u l a t i o n  s u b d i v i s i o n s  
r e l a t i v e  t o  t h e  t o t a l  p o p u l a t i o n ' s  d i v e r s i t y .  The s i n g l e  
l o c u s  e s t i m a t e s  o f  G ^ j  among t h e  f o u r  G. s o j a  p o p u l a t i o n s  
v a r y  f r o m  0 . 0 7 0  i n  I d h 4  t o  0 . 6 6 4  i n  D i a l  ( T a b l e  2 9 ) .  The 
o v e r a l l  l o c i  G^y among t h e s e  f o u r  p o p u l a t i o n s  i s  0 . 1 9 8 ,
Ill
Table 29. Apportionm ent o f  gene d i v e r s i t y  w i th in  and among fo u r  n a tu r a l  
p o p u la t io n s  (G, S, K and I )  o f  G. s o ja .
ht Hs dst
*
gst ht Hs °ST
* *
gst
Aco2 0.440 0.367 0.073 0.166 0.431 0.361 0.070 0.162
Aco4 0.362 0.311 0.051 0.141 0.363 0.312 0.051 0.140
Am3 0.289 0.240 0.049 0.171 0.289 0.240 0.049 0.171
A£ 0.635 0.493 0.142 0.224 0.635 0.489 0.146 0.230
D ia l 0 .428 0.144 0.284 0.664 0.429 0.147 0.282 0.658
Dia2 0.130 0.101 0.029 0.223 0.130 0.101 0.029 0.225
Enp 0.590 0.513 0.077 0.131 0.589 0.507 0.082 0.139
Idh2 0.087 0.080 0.007 0.080 0.105 0.093 0.012 0.113
Idh3 0.394 0.281 0.113 0.287 0.388 0.277 0 . 1 1 1 0.285
Idh4 0.086 0.080 0.006 0.070 0.108 0.096 0.012 0.110
Lap l 0.375 0.253 0.122 0.325 0.383 0.270 0.113 0.296
Mpi 0.475 0.437 0 .038 0.080 0.470 0.441 0.029 0.062
Pgdl 0.625 0.566 0.059 0.094 0.627 0.570 0.057 0.091
Pgi2 0.456 0.397 0.059 0.129 ----- ----- ----- _____ -X--X--X-
Pqml 0.255 0.211 0.044 0.173 0.268 0.223 0.045 0.169
Pgm2 0.343 0.306 0.037 0.108 0.343 0.305 0.038 0.112
*  based on the  genotypes o f  the  p la n t  sampled
* *  based on the  genotypes o f  seeds c o l le c te d
* * *  genotype can no t be de term ined d i r e c t l y  from seed examined
because o f  the  dominant -  re c e s s iv e  r e la t io n s h ip  o f  the 
two a l l e l e s  in  t h i s  lo c u s .
r
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i n d i c a t i n g  t h a t  19 . 8% o f  t h e  t o t a l  g e n e t i c  v a r i a t i o n  o c c u r s  
among p o p u l a t i o n s .  T h i s  GST v a l u e  i s  i n  t h e  r a n g e  ( 0 . 0 2 9  -  
0 . 3 7 2 ,  w i t h  a v e r a g e  0 . 2 2 0 )  t h a t  was r e v i e w e d  by L o v e l e s s  and 
H a m r i c k  ( 1 9 8 4 )  f o r  G ^T among p o p u l a t i o n  s u b d i v i s i o n s  o f  f o u r  
a u t o g a m o u s  s p e c i e s .  H o w e v e r ,  when c o m p a r i n g  w i t h  o u t b r e e d i n g  
s p e c i e s  w h i c h  h a v e  a mean G^^ o f  0 . 0 7 1  among p o p u l a t i o n s  ano 
0 . 0 4 1  among p o p u l a t i o n  s u b d i v i s i o n s  ( L o v e l e s s  and H a m r i c k ,  
1 9 8 4 ) ,  t h e s e  f o u r  G. so . j a  p o p u l a t i o n s  h a v e  a r e l a t i v e l y  
h i g h  GgT v a l u e .  I t  was a r g u e d  by L o v e l e s s  and H a m r i c k
( 1 9 8 4 )  t h a t  c h a r a c t e r s  s u c h  as o u t b r e e d i n g  p r o m o t e  gene  f l o w  
and i n c r e a s e  e f f e c t i v e  p o p u l a t i o n  s i z e  ( N e ) .  Gene f l o w  i n  
t u r n  d e c r e a s e s  p o p u l a t i o n  d i f f e r e n t i a t i o n .  T h u s ,  o u t -  
b r e e d e r s  a r e  e x p e c t e d  t o  h a v e  a s m a l l e r  GST t h a n  i n b r e e d e r s  
w h i c h  h av e  r e s t r i c t e d  gene  m i g r a t i o n .
Q u a l i t a t i v e l y  s p e a k i n g ,  a c c o r d i n g  t o  H a r t l  ( 1 9 8 0 ) ,  t h e  
r a n g e  o f  0 . 0 5  t o  0 . 1 5  f o r  F g y  a s i m i l a r  s t a t i s t i c  t o  GgT , 
may be c o n s i d e r e d  t o  i n d i c a t e  m o d e r a t e  d i f f e r e n t i a t i o n ,  0 . 1 5  
t o  0 . 2 5  t o  i n d i c a t e  g r e a t  d i f f e r e n t i a t i o n ,  and a b o v e  0 . 2 5  t o  
i n d i c a t e  v e r y  g r e a t  d i f f e r e n t i a t i o n .  T h u s ,  b a s e d  on H a r t l ' s  
c r i t e r i a  t h e s e  f o u r  n a t u r a l  G. s o j a  p o p u l a t i o n s  can  be s a i d  
t o  be w e l l  d i f f e r e n t i a t e d  i s o e n z y m a t i c a l l y .
(C)  G e n e t i c  d i s t a n c e  and i d e n t i t y
The o b s e r v e d  v a l u e s  o f  g e n e t i c  d i s t a n c e  ( D N ) and 
i d e n t i t y  ( I N ) o f  t h e  f o u r  n a t u r a l  p o p u l a t i o n s  a r e  l i s t e d  i n  
T a b l e  3 0 .  They  a r e  s i m i l a r  t o  t h e  a v e r a g e  ( D N 0 . 0 3 5 ;  1^ 
0 . 9 6 6 )  c a l c u l a t e d  by A y a l a  and K i g e r  ( 1 9 8 0 )  f o r  l o c a l  
p o p u l a t i o n s  o f  p l a n t s .
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T a b l e  3 0 .  N e i ' s  m e a s u r e s  o f  g e n e t i c  d i s t a n c e  (D ) and i d e n t i t y  
( I  ) b e t w e e n  f o u r  p o p u l a t i o n s  o f  G. so . j a  a l o n g  
K i t a k a m i  r i v e r ,  J a p a n .
G S K I
G 0 . 9 8 0 0 . 9 7 2 0 . 9 4 7
S 0 . 0 2 0  , 
( 0 . 2 6 ) *
0 . 9 6 4 0 . 9 3 8
K 0 . 0 2 9
( 0 . 6 6 )
0 . 0 3 6
( 0 . 4 0 )
0 . 9 4 4
I 0 . 0 5 4
( 1 . 0 4 )
0 . 0 6 4
( 0 . 7 8 )
0 . 0 5 8
( 0 . 3 8 )
*  L a t i t u d i n a l  d i f f e r e n c e  b e t w e e n  p o p u l a t i o n s
T a b l e  3 1 .  The mean g e n e t i c  d i s t a n c e  ( 0 N ) and ( I N ) o f  t h e
f o u r  p o p u l a t i o n s  o f  G. so.j a a l o n g  K i t a k a m i  r i v e r ,  
J a p a n .
P o p u l a t i o n  
S K a v e r a g e
D„ 0 . 0 3 4
0 . 9 6 6
0 . 0 4 0
0 . 9 6 1
0 . 0 4 1
0 . 960
0 . 0 5 9
0 . 9 4 3
0 . 0 4 4
0 . 9 5 8
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The m o s t  s o u t h e r n  p o p u l a t i o n  ( I )  had c o n s i s t e n t l y  h i g h  
v a l u e s  w i t h  t h e  o t h e r  t h r e e  p o p u l a t i o n s  ( T a b l e  3 0 ) .  T h i s  
c an  a l s o  be s een  by c o m p a r i n g  t h e  mean o f  t h e s e  f o u r  
p o p u l a t i o n s  ( T a b l e  3 1 ) .  The p o p u l a t i o n  I  had t h e  h i g h e s t  
mean g e n e t i c  d i s t a n c e  ( D N ) .  S i n c e  t h e s e  f o u r  p o p u l a t i o n s  a r e  
l o c a t e d  a l o n g  K i t a k a m i  r i v e r  w h i c h  f l o w s  a l m o s t  i n  a s t r a i g h t  
l i n e  f r o m  n o r t h  t o  s o u t h  on 1 4 1 . 10E l o n g i t u d i n a l l y ,  t h e  
c o r r e s p o n d i n g  l a t i t u d i n a l  r a n g e  o f  e ac h  p o p u l a t i o n  was t h u s  
t a k e n  t o  c a l c u l a t e  t h e  r e l a t i v e  g e o g r a p h i c  d i s t a n c e  b e t w e e n  
p o p u l a t i o n s .  The c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  DN and 
t h i s  g e o g r a p h i c  d i s t a n c e  i s  0 . 5 2 9 ,  w h i c h  i s  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  z e r o .  H o w e v e r ,  a p a t t e r n  o f  i n c r e a s i n g  
c o r r e s p o n d i n g  w i t h  i n c r e a s i n g  g e o g r a p h i c  d i s t a n c e  was f o u n d  
b e t w e e n  p o p u l a t i o n  G and  t h e  o t h e r  t h r e e  p o p u l a t i o n s  as w e l l  
as i n  p o p u l a t i o n  S and  t h e  o t h e r  t h r e e  p o p u l a t i o n s  ( T a b l e  3 0 ) .
P r i n c i p a l  c o m p o n e n t  a n a l y s i s  b a s e d  on p r o t e i n  a l l e l e  
f r e g u e n c i e s  i s  f u r t h e r  u s e d  t o  a s s e s s  r e l a t i o n s h i p  among 
t h e s e  f o u r  p o p u l a t i o n s .  The f i r s t  c o m p o n e n t  ( a c c o u n t i n g  f o r  
44 . 7% o f  t h e  t o t a l  g e n e t i c  v a r i a t i o n )  d i v i d e d  t h e  f o u r  
p o p u l a t i o n s  i n t o  t w o  g r o u p s :  G, S and K,  I .  The s e c o n d  
c o m p o n e n t  ( a c c o u n t i n g  f o r  34 . 8% o f  t h e  t o t a l  g e n e t i c  v a r i a t i o n )  
s e p a r a t e d  S, I  f r o m  G, K ( F i g u r e  2 0 ) .  C o n s e q u e n t l y ,  t h e s e  f o u r  
n a t u r a l  p o p u l a t i o n s  w e r e  c l e a r l y  s e p a r a t e d  by t h e  f i r s t  t wo  
p r i n c i p a l  c o m p o n e n t s  o f  p r o t e i n  v a r i a t i o n  o b s e r v e d .  When 
o r d i n a t i o n  was p l o t t e d  w i t h  f i r s t  p r i n c i p a l  c o m p o n e n t  and 
l a t i t u d e  o f  t h e s e  f o u r  p o p u l a t i o n s ,  a c o r r e l a t i o n  c o e f f i c i e n t  
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F ig u re  20. O rd in a t io n  o f  the  fo u r  n a tu r a l  G. so.ja p o p u la t io n s
(G, S, K and I )  a g a in s t  the  f i r s t  (PCO 1) and second 
(PCO 2) p r i n c i p a l  components o f  p r o te in  g n e n t ic  














F ig u re  21. O rd in a t io n  o f  the  fo u r  n a tu r a l  p o p u la t io n s  (G, S, K and I )  
o f  _G. so.ja a g a in s t  the  l a t i t u d e  and the  f i r s t  p r i n c i p a l  
component o f  p r o te in  g e n e t ic  v a r i a t i o n .
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c o e f f i c i e n t  was r  = - 0 . 1 8 7  b e t w e e n  t h e  s e c o n d  p r i n c i p a l  
c o m p o n e n t  o f  p r o t e i n  v a r i a t i o n  and l a t i t u d e .  A l t h o u g h  b o t h  
c o e f f i c i e n t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o ,  t h e  
v a l u e  o f  - 0 . 8 4 1  i s  r e l a t i v e l y  h i g h .  The i n s i g n i f i c a n c e  may 
be due t o  t h e  s m a l l  s a m p l e  s i z e .  A l l e l e s  w h i c h  c o n t r i b u t e  
t h e  m o s t  t o  t h e  f i r s t  p r i n c i p a l  c o m p o n e n t  o f  p r o t e i n  
v a r i a t i o n  a r e  A p - a , P q m 2 - b , P q m 2 - c , L a p l - a , L a p l - b  , P g i  1 
and p g i 1 . The r e s u l t s  r e v e a l  t h a t  a b o u t  45% o f  t h e  p r o t e i n  
v a r i a t i o n  among t h e  f o u r  p o p u l a t i o n s  may be a c c o u n t e d  f o r  
by l a t i t u d e  o r  s p a t i a l  d i s t a n c e  r e p r e s e n t e d  by t h e  r e l a t i v e  
l a t i t u d i n a l  s c a l e s .
4 .  QUANTITATIVE VARI ATI ON OF G. SOJA POPULATIONS
( 1 ) .  The t w e l v e  s eed  a c c e s s i o n s  s e l e c t e d  b a s e d  on t h e i r  
l a t i t u d i n a l  l o c a t i o n s .
( A )  P h e n o l o q i c a l  d a t a  c o l l e c t e d  i n  1982 and 1983  f r o m  
t h e  g r e e n h o u s e  e x p e r i m e n t s  a r e  p r e s e n t e d  i n  T a b l e  3 2 .  The 
d a t a  i n c l u d e  t h e  n um be r  o f  d a y s  f r o m  s o w i n g  t o  s eed  
g e r m i n a t i o n ,  t o  t h e  d a t e  o f  f i r s t  f l o w e r  a p p e a r a n c e ,  t o  
f i r s t  f r e s h  pod s e t ,  t o  f i r s t  d r y  pod f o r m a t i o n  and t o  l a s t  
d r y  pod  h a r v e s t e d .  The l i f e  span  was o b t a i n e d  as d a y s  
b e t w e e n  g e r m i n a t i o n  and t h e  end o f  h a r v e s t i n g .  Each 
p h e n o l o g i c a l  t r a i t  m e a s u r e d  was s i g n i f i c a n t l y  d i f f e r e n t  
among t h e s e  12 s eed  a c c e s s i o n s .  A s i g n i f i c a n t  c o r r e l a t i o n  
was f o u n d  b e t w e e n  t h e  numbe r  o f  d a y s  f r o m  g e r m i n a t i o n  t o  
t h e  f i r s t  f l o w e r  and l a t i t u d e  ( r  = - 0 . 9 5 5  i n  1 9 8 2 ;  r  = - 0 . 9 1 7
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Table 32. The means (number o f  days) and s tandard  d e v ia t io n s  (numbers in  
paren theses) o f  p h e n o lo g ic a l data  o f  12 G. so.ja seed access ions . 
Data c o l le c te d  from the  greenhouse in  1982 and 1983.
sowed -  germ inated germ inated -  1s t f lo w e r  1s t  f lo w e r  -  1s t pod
1982 1983 1982 1983 1982 1983
K109 6.95 3.88 62.8 53.1 13.9 19.0
(1 .3 2 ) (0 .3 4 ) (1 .9 4 ) (2 .3 6 ) (2 .36 ) (2 .3 1 )  '
E4 6.91 4.53 66.9 61.8 16.3 11.8
(0 .4 4 ) (0 .8 2 ) (3 .1 9 ) (5 .09) (3 .9 6 ) (4 .03)
K9 7.19 4.26 85.9 83.6 11.9 10.6
(0 .8 7 ) (0 .4 4 ) (3 .0 2 ) (3 .9 2 ) (2 .2 3 ) (3 .1 6 )
K7 6.78 4.67 86.0 86.9 10.2 8 .9
(0 .9 0 ) (0 .8 3 ) (3 .8 1 ) (3 .68) (1 .8 6 ) (2 .1 4 )
K102 6.60 4.32 81.9 76.8 11.3 16.3
(1 .0 0 ) (0 .7 2 ) (6 .1 0 ) (3 .62) (2 .46 ) (3 .6 3 )
K28 7.38 4.63 88.5 85.0 10.3 10.4
(0 .9 2 ) (0 .4 9 ) (1 .0 3 ) (2 .5 0 ) (1 .5 8 ) (0 .9 6 )
K52 6.76 4 .64 80.5 78.0 11.6 14.9
(1 .6 7 ) (0 .7 9 ) (4 .1 6 ) (5 .25) (1 .8 6 ) (5 .73)
K42 6.18 4.28 92.5 83.8 8 .4 9 .8
(0 .4 1 ) (0 .4 6 ) (2 .0 2 ) (3 .2 1 ) (1 .0 1 ) (1 .9 8 )
K101 7.67 5.00 100.7 100.9 7.2 9 .2
(1 .2 0 ) (0 .74) (3 .0 5 ) (0 .9 3 ) (2 .48) (1 .6 0 )
K31 7.05 4.91 96.4 89.5 8 .8 10.6
(1 .2 8 ) (0 .84) (4 .4 1 ) (2 .8 5 ) (1 .3 7 ) (2 .2 8 )
M 7.25 5.17 100.9 109.4 7.4 6 .4  '
(0 .6 4 ) (0 .7 5 ) (3 .24 ) (2 .50) (1 .8 4 ) (2 .22)
K113 7.24 4.93 119.1 116.8 7.9 7 .3
(1 .0 4 ) (0 .8 3 ) (2 .67) (1 .9 1 ) (1 .5 3 ) (2 .24)
F
te s t 2 .47* 8 .3 1 * * 6 4 .2 * * 4 5 4 .3 ** 2 3 .7 * * 2 5 .4 * *
* s i g n i f i c a n t  a t  5% le v e l
* *  s i g n i f i c a n t  a t  1% le v e l
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Table 32. (c o n t in u e d )
1s t pod _ 1s t  pod 
s e t  d ry
1s t  pod 
dry
l a s t  pod 
dry
l i f e .span a n th e s is  -  
seed maturec
1982 1983 1982 1983 1982 1983
K109 37.9 38.9 16.3 33.0 131.0 144.0 41 .4
(2 .3 3 ) (1 .7 3 ) (2 .8 7 ) (10 .92 ) (5 . 3)
E4 37 .8 40.8 16.3 38.1 137.3 152.5 44 .2
(3 .4 9 ) (3 .7 3 ) (3 .6 7 ) (4 .0 2 ) (4 . 7)
K9 29.2 33.2 20.9 26.9 147.9 154.3 41 .2
(1 .7 2 ) (2 .0 1 ) (2 .0 9 ) (1 .9 1 ) (3 . 6)
K7 30.4 34.7 19.4 23.7 146.0 154.2 43 .5
(1 .8 9 ) (3 .4 0 ) (2 .2 4 ) (2 .1 9 ) (1 . 3)
K102 29 .3 35.8 20.1 25.2 142.6 154.1 40 .1
(1 .4 4 ) (2 .7 5 ) (2 .7 6 ) (2 .2 9 ) (4 . 3)
K28 29.7 33.4 19.5 25.4 148.0 154.2 42 .0
(1 .9 6 ) (2 .1 0 ) (1 .8 6 ) (2 .0 6 ) (3 . 6)
K52 30.1 34.3 21.6 25.6 143.8 152.8 40 .6
(1 .3 1 ) (4 .7 6 ) (1 .9 3 ) (1 .6 3 ) (1 . 1)
K42 27.9 33.0 18.5 26.4 147.3 153.0 39 .5
(1 .9 7 ) (2 .0 0 ) (5 .87 ) (3 .2 0 ) (3 . 1)
K101 31.7 41.4 21.6 12.0 161.2 163.5 40 .4
(2 .2 1 ) (1 .5 9 ) (1 .9 3 ) (1 .9 0 ) (2 . 3)
K31 29.3 39.6 18.7 22.1 153.2 161.8 41 .5
(1 .3 9 ) (3 .3 5 ) (2 .44 ) (2 .9 1 ) (1 . 9)
M 31.5 40.6 20.2 18.8 160.0 175.2 42 .6
(1 .8 9 ) (1 .8 2 ) (1 .5 2 ) (2 .3 0 ) (1 . 0)
K113 27.8 35.4 19.9 19.8 174.7 179.3 41 .0
(1 .3 3 ) (1 .7 1 ) (2 .83 ) (2 .2 0 ) (0 . 9)
F
te s t 4 3 .6 * * 2 2 .3 * * 5 .7 8 * * 3 8 .1 * * 3 4 .3 * * 2 4 .5 * * 2 .7 0 * *
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i n  1 9 8 3 ) .  The l i f e  s p a n  and t h e  l a t i t u d e  was a l s o  h i g h l y  
c o r r e l a t e d  ( r  = - 0 . 9 2 5  i n  1 9 8 2 ;  r  = - 0 . 8 4 2  i n  1 9 8 3 ) .  The 
more  n o r t h e r n  t h e  o r i g i n  o f  t h e  s eed  a c c e s s i o n ,  t h e  e a r l i e r  
t h e  f i r s t  f l o w e r  a p p e a r e d ,  and t h e  s h o r t e r  t h e  l i f e  s p a n .
The h i g h  c o r r e l a t i o n  b e t w e e n  l i f e  s p a n  and l a t i t u d i n a l  
h a b i t a t  was a l s o  r e p o r t e d  i n  t h e  w i l d  s o y b e a n  s t r a i n s  o f  
S i b e r i a ,  N o r t h e a s t e r n  C h i n a ,  S o u t h  K o r e a  and J a p a n ,  and t h e  
l e n g t h  o f  t h e  f r o s t  f r e e  p e r i o d  o f  t h e  h a b i t a t  was s u g g e s t e d  
t o  be t h e  d e c i s i v e  f a c t o r  ( F u k u i  e_t _al .  , 1 9 7 8 ) .  E a r l i e r  
f l o w e r i n g  and s h o r t e r  l i f e  s pan  a r e  m o s t  l i k e l y  t h e  r e s u l t s  
o f  t h e  r e s p o n s e  o f  p l a n t  p o p u l a t i o n s  t o  t h e  s h o r t  g r o w i n g  
s e a s o n  o f  t h e i r  h a b i t a t s .
An a d d i t i o n a l  s i g n i f i c a n t  c o r r e l a t i o n  was o b s e r v e d  
b e t w e e n  l a t i t u d e  and t h e  num be r  o f  d a y s  b e t w e e n  f i r s t  f l o w e r  
a p p e a r e d  and f i r s t  f r e s h  pod  s e t  ( r  = 0 . 8 0 2  i n  1 9 8 2 ;  r  =
0 . 7 2 4  i n  1 9 8 3 ) .  A l o t  o f  f l o w e r s  a b o r t e d  b e f o r e  pod  s e t
was o b s e r v e d  i n  t h o s e  n o r t h e r n  a c c e s s i o n s ,  e s p e c i a l l y  i n  
K109 and E4 .  I n  K 1 0 9 ,  t h e  d u r a t i o n  b e t w e e n  f l o w e r i n g  and 
t h e  f i r s t  pod  s e t  was 4 5 d a y s  when s e e d s  w e r e  sowed on 
4 / 2 5 / 8 3 ;  19 d a y s  when sowed on 5 / 2 4 / 8 3 ;  and 8 d a y s  when 
sowed on 6 / 2 0 / 8 3 .  The d a t e s  o f  f i r s t  pod s e t  o f  K109 on
t h e s e  t h r e e  s o w i n g  d a t e s  w e r e  a r o u n d  7 / 2 3 / 8 3 ,  8 / 8 / 8 3  and
8 / 2 5 / 8 3 ,  r e s p e c t i v e l y .  T h a t  i s ,  K109 s t a r t e d  t o  g r o w  pods  
no e a r l i e r  t h a n  l a t e  J u l y  i n  1 9 8 3 ,  no m a t t e r  how e a r l y  i t  
s t a r t e d  t o  f l o w e r .  The c a u s e  o f  l o n g  d u r a t i o n  o f  f l o w e r  
a b o r t i o n  i s  u n k n o w n .  The e n v i r o n m e n t a l  f a c t o r s ,  s u c h  as 
q u a n t i t y  and q u a l i t y  o f  sun  l i g h t ,  t e m p e r a t u r e  e t c . ,  may
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h av e  some e f f e c t .
A t  l e a s t  10 f l o w e r s  p e r  a c c e s s i o n  w e r e  t a g g e d  t o  o b t a i n  
t h e  num be r  o f  d a y s  b e t w e e n  a n t h e s i s  and s eed  m a t u r i t y .  
A l t h o u g h  t h e  d u r a t i o n  f r o m  a n t h e s i s  t o  s eed  m a t u r i t y  was 
d i f f e r e n t  s t a t i s t i c a l l y  among t h e s e  12 s eed  a c c e s s i o n s  
( T a b l e  3 2 ) ,  no c l e a r c u t  n o r t h - s o u t h  p a t t e r n  c o u l d  be 
f o l l o w e d .  The d i f f e r e n c e  b e t w e e n  E4 and K42 was a b o u t  4 . 7  
d a y s ,  t h e  l a r g e s t  among t h e  12 a c c e s s i o n s .  T h u s ,  i n  g e n e r a l ,  
t h e  d i f f e r e n c e  i n  t h e  l e n g t h  o f  t h e  s eed  f i l l i n g  p e r i o d  was 
i n s i g n i f i c a n t  among t h e  12 a c c e s s i o n s .  The m a i n  d i f f e r e n c e  
i n  l i f e  s pan  i s  m o s t l y  a t t r i b u t a b l e  t o  t h e  d u r a t i o n  f r o m  
g e r m i n a t i o n  t o  p r i o r  t o  f l o w e r i n g .
The c o r r e l a t i o n  b e t w e e n  l a t i t u d e  and t h e  f i r s t  p r i n c i p a l  
c o m p o n e n t  w h i c h  a c c o u n t e d  f o r  59 . 6% o f  t h e  t o t a l  p h e n o l o g i c a l  
v a r i a t i o n  among t h e  12 a c c e s s i o n s ,  i s  r  = - 0 . 9 1 2  ( F i g u r e  2 2 ) .  
I t  i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  a t  t h e  1% l e v e l .
The c o r r e l a t i o n  b e t w e e n  t h e  l a t i t u d e  and t h e  s e c o n d  p r i n c i p a l  
c o m p o n e n t  i s  r  = 0 . 1 7 1  ( n o t  s i g n i f i c a n t ) .  The r e s u l t  
r e v e a l s  t h a t  a r o u n d  60% o f  t h e  p h e n o l o g i c a l  v a r i a t i o n  among 
t h e s e  12 a c c e s s i o n s  i n  h i g h l y  a s s o c i a t e d  w i t h  t h e i r  
l a t i t u d i n a l  l o c a t i o n s .
( B )  A g r o n o m i c  d a t a  o f  g r e e n h o u s e  e x p e r i m e n t s  i n  1982 
and 1983 a r e  p r e s e n t e d  i n  T a b l e  3 3 .  The d i f f e r e n c e s  among 
t h e  12 s e ed  a c c e s s i o n s  f o r  e a c h  o f  t h e  11 i t e m s  w e r e  
s t a t i s t i c a l l y  s i g n i f i c a n t  ( F - t e s t ) .
The y i e l d  o f  1983 was a b o u t  two  t o  t h r e e  t i m e s  h i g h e r  
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F i g u r e  2 2 .  P l o t  o f  l a t i t u d i n a l  l o c a t i o n  on t h e  f i r s t
p r i n c i p a l  c o m p o n e n t  (PCO 1)  a x i s  w h i c h  a c c o u n t s  
f o r  5 9 . 6 % o f  p h e n o l o g i c a l  v a r i a t i o n  among t h e  
12 (3. so . j a  s e e d  a c c e s s i o n s .
Table 33. Agronomic data o f  12 G. so ja  accessions in  1982 and 1983 greenhouse experiments (The number in  
pa re n th e s is  i s  the  standard  d e v ia t io n  o f  the  access ion mean) .
Av. # seed/pod 100 seed w t. (g ) Av. # p o d /p la n t  Y ie ld /p la n t ( g )  Harvest index reg . c o e f f .  b*
1982 1983 1982 1983 1982 1983 1982 1983 1982 1983 1982 1983
K109 2.71
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F te s t 2 7 .4 ** 3. 6 ** 1 3 .8 ** 4 7 .1 * * 2 3 .4 ** 4 3 .6 * * 2 1 .7 * * 1 2 .7 ** 2 1 .8 * * 8 1 .2 * * 0.830 9 .1 4 * *
*  re g re s s io n  c o e f f .  b o f  % accumulated number o f  dry  pod vs. two days h a rv e s t in g  i n t e r v a l
* *  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  1% le v e l
Table 33. (continued)
Seed packing ( % / to ta l  pod) 
ls /p o d  2s/pod 3s/pod 4s/pod
# n o d u le /p la n t * * *  t o t a l  d ry  w t ( g ) * * *  r o o t / t o t a l  d ry  w t * * *  he igh t(cm )§  
1982 1983 1982 1983 1982 1983 1982 1983
K109 5.3 2A.5 64.2 5.9 79.6 33.0 6.1 11.5 0.307 0.192 12.49 41.85
(3 .80 ) (7 .62) (8 .06 ) (4 .6 ) (61 .4 ) (14 .3 ) (2 .3 4 ) (2 .72) (0 .022) (0 .060) (5 .55) (16 .34)
E4 12.2 29.1 58.2 0.5 24.2 34.5 6 .6 12.8 0.226 0.191 24.02 47.63
( A .18) (6.79) (7 .68 ) (0 .64 ) (31 .4 ) (25 .1 ) (3 .3 8 ) (3 .0 4 ) (0 .032) (0 .113) (11 .22) (25 .51 )
K9 15.3 31.7 52.7 0.3 16.2 15.8 7 .5 IA .0 0.286 0.185 8.86 26.18
(7.22) (5.88) (9.37) (0.45) (10 .3 ) (17 .0 ) (3 .7 2 ) (2 .6 8 ) (0.0A4) (0 .042) (2 .97) (4 .3 6 )
K7 10.7 A3.5 A5.8 0.1 23.2 13.5 9.6 15.9 0.307 0.232 6.98 17.13
( A . 72) (5.7A) (8.83) (0 .20 ) (10 .7 ) (A.A) (3 .3 0 ) (3 .5 3 ) (0 .027) (0 .037) ( A . 34) (4 .8 9 )
K102 15.0 39.7 A5.2 0.2 15.8 0 8.4 12.4 0.318 0.203 6.61 17.65
(5.52) ( A . 96) (7.75) (0 .42) (30.2) (3 .2 9 ) (2 .25) (0 .025) (0 .061) (1 .9 0 ) (7 .2 2 )
K28 11.2 37.0 50.7 0 .9 34.4 26.0 7.0 11.9 0.307 0.219 5.08 9.90
(A.A7) (A.3A) (5.6A) (1 .0 6 ) (22.9) (16 .2 ) (2 .8 6 ) (5 .1 0 ) (0 .050) (0 .048) (0 .7 5 ) (0 .9 0 )
K32 30.2 A2.9 26.9 0 12.0 A .8 6.1 10.3 0.346 0.289 3.98 7.78
(13 .5 ) (5.A8) (13 .7 ) (9 .67) (2 .1 ) (2 .79) (1 .5 4 ) (0 .048) (0 .059) (0 .8 5 ) (2 .3 0 )
K42 17.8 AO. 7 41.3 0 ____ AO.5 ___ 12.2 ___ 0.267 8.18 29.3
(10 .9 ) (A.A2) (12.6) (1 3 .A) (3 .22) (0 .039) (4 .1 7 ) (1 0 .0 )
K101 16.5 A1.8 41.6 0.1 16.4 14.5 6 .3 8 .2 0.292 0.189 4.95 17.85
(3.8A) (A.A5) (7.00) (0 .19 ) (8 .2 0 ) (5 .7 ) (3 .64) (2 .0 1 ) (0 .068) (0 .032) (1 .2 0 ) (8 .9 5 )
K31 25.2 AO. 8 33.7 0.2 36.6 21.0 5 .6 9 .3 0.336 0.195 4.06 7.08
(9.87) ( A . 52) (9 .41 ) (0 .62 ) (37.7) (9 .8 ) (2 .6 6 ) (1 .5 6 ) (0 .086) (0 .072) (0 .84) (0 .9 9 )
M 10.0 23.3 61.1 3.7 107.2 16.3 13.5 9.7 0.287 0.243 6 .6  8 27.18
(2.02) (2.A7) (2 .20 ) (1 .1 6 ) (57.2) (11 .8 ) (5 .1 7 ) (3 .07) (0 .022) (0 .081) (1 .2 4 ) (4 .28)
K113 25.9 37.0 35.0 2.0 16.7 16.5 6.6 13.0 0.262 0.168 4.36 22.48
(9.28) (5.72) (11 .0 ) (1 .3 0 ) (10 .9 ) (7 .9 ) (3 .04) ( 1 .4 ) (0 .058) (0 .054) (0 .69) (11 .2 )
1- t e s t  1 5 .9 **  2 5 .4 * *
* * *  10 weeks  a f t e r  
§ P l a n t s  w e r e  3 -
2 5 .2 * *  2 9 .7 * *  4 .5 * *  
sown
week o l d  i n  1982 and
3 .6 * *
A - w e e k
2 .2 5 **  
o l d  i n
2 .2 8 **
1983
2 .4 4 ** 1.411 3 6 .8 ** 5 . 7 6 * *
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pod p e r  p l a n t .  Among t h e  t h r e e  y i e l d  c o m p o n e n t s  ( # s e e d / p o d ,  
100 s e e d  w e i g h t  and # p o d / p l a n t )  o n l y  t h e  num be r  o f  pod  p e r  
p l a n t  was f o u n d  t o  be s i g n i f i c a n t l y  p o s i t i v e l y  c o r r e l a t e d  
w i t h  t h e  t o t a l  y i e l d  p e r  p l a n t .  The o t h e r  t w o  c o m p o n e n t s  
w e r e  w e a k l y  and  n e g a t i v e l y  c o r r e l a t e d  w i t h  t h e  t o t a l  y i e l d .  
T h u s ,  i n c r e a s e  i n  f l o w e r  n um be r and pod  s e t  p e r  p l a n t  w o u l d  
be t h e  m o s t  e f f i c i e n t  way f o r  y i e l d  i m p r o v e m e n t  o f  w i l d  
s o y b e a n s .
H i g h  and r e l a t i v e l y  s y n c h r o n o u s  s eed  s e t t i n g  i s  a 
d e s i r e d  a g r o n o m i c  c h a r a c t e r  f o r  s eed  c r o p s .  H o w e v e r ,  a 
t i g h t  s y n c h r o n y  i n  f l o w e r i n g  and s eed  s e t t i n g  f o r  a p l a n t  i n  
n a t u r a l  c o n d i t i o n  may h a v e  e f f e c t s  on t h e  p o t e n t i a l  o f  
o u t c r o s s i n g  and t h e  a b i l i t y  t o  a v o i d  s e r i o u s  damage by s eed  
and f r u i t  p r e d a t o r s  ( A u g s u r g e r ,  1 9 8 1 ) .  The l i n e a r  r e g r e s s i o n  
c o e f f i c i e n t  ' b ' ( T a b l e  3 3 )  was o b t a i n e d  by l i n e a r  r e g r e s s i o n  
o f  t h e  c u m u l a t i v e  n u m b e r  o f  m a t u r e d  p o d s  i n  p e r c e n t a g e  t o  
t w o - d a y  h a r v e s t i n g  i n t e r v a l .  The l a r g e r  t h e  ' b 1 v a l u e  i s ,  
t h e  more  s y n c h r o n o u s  s e e d  s e t  o f  a p l a n t .  The v a l u e s  o f  
' b '  among t h e  12 a c c e s s i o n s  w e r e  n o t  s t a t i s t i c a l l y  d i f f e r e n t  
i n  1 9 8 2 ,  b u t  s i g n i f i c a n t l y  d i f f e r e n t  i n  1983 w i t h  K101 
h a v i n g  a v e r y  s t e e p  ' b ' ,  and K109 and EA h a v i n g  a v e r a g e  l o w  
' b '  v a l u e s .  A l s o  t h e  ' b '  v a l u e s  b e t w e e n  t wo  y e a r s  w e r e  
s i g n i f i c a n t l y  d i f f e r e n t .  A d i f f e r e n c e  i n  t h e  l e n g t h  o f  
s u i t a b l e  f l o w e r i n g  s e a s o n ,  p h o t o p e r i o d  as w e l l  as g r e e n h o u s e  
m a n a g e m e n t s ,  s u c h  as f e r t i l i z i n g ,  w a t e r i n g  c o u l d  h av e  
c o n t r i b u t e d  t o  t h i s  y e a r l y  v a r i a t i o n .
The 12 s eed  a c c e s s i o n s  w e r e  v e r y  d i f f e r e n t  i n  t h e  way
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o f  s ee d  p a c k i n g .  F o r  e x a m p l e ,  K52 had  4 2 . 9 % o f  t o t a l  p od s  
w i t h  2 s e e d ,  30 . 2% w i t h  1 s e e d  and 26 . 9% w i t h  3 s e e d ;  w h i l e  
K109 had 6 4 . 2 %  o f  t o t a l  p o d s  w i t h  3 s e e d ,  24 . 5% w i t h  2 s eed  
5.9% w i t h  4 s e e d  and 5 . 3% w i t h  1 s ee d  ( T a b l e  3 3 ) .  The 
d i f f e r e n c e s  a r e  f u r t h e r  d e m o n s t r a t e d  i n  F i g u r e  2 3 .  The 
s e e d - p a c k i n g  p a t t e r n s  o f  K109 and M w e r e  s i m i l a r .  So w e r e  
K7 and K 1 0 2 ,  K52 and K 3 1 ,  and  K101 and K 4 2 .  I n  o r d e r  t o  
see w h e t h e r  t h e  d i f f e r e n c e  i n  s e e d - p a c k i n g  p a t t e r n  r e s u l t e d  
f r o m  t h e  d i f f e r e n c e  i n  t h e  nu m be r  o f  o v u l e s  p e r  o v a r y ,  36 
f l o w e r  b u d s  p e r  s eed  a c c e s s i o n  w e r e  s a m p l e d  r a n d o m l y  f r o m  
f o u r  p l a n t s ,  and e x a m i n e d  u n d e r  a d i s s e c t i n g  m i c r o s c o p e .  
Mos t  o f  t h e  f l o w e r  b u d s  e x a m i n e d  c o n s i s t e d  o f  t h r e e  o v u l e s .  
An a v e r a g e  o f  t h r e e  o v u l e s  p e r  o v a r y  was o b s e r v e d  i n  a l l  
12 a c c e s s i o n s .  S i n c e  t h e r e  i s  no d i f f e r e n c e  i n  t h e  num be r  
o f  o v u l e s  p e r  o v a r y  among t h e s e  12 a c c e s s i o n s ,  t h e  
d i f f e r e n c e  i n  s eed  p a c k i n g  was due t o  o v u l e  and s eed  
a b o r t i o n .  The d i f f e r e n t  s e e d  p a c k i n g  p a t t e r n s  may ha ve  
r e s u l t e d  f r o m  e c o l o g i c a l  d i f f e r e n t i a t i o n ,  s u c h  as r e s o u r c e  
l i m i t a t i o n ,  u n p r e d i c t a b l e  s e a s o n a l  c h a n g e s ,  s eed  and pod 
p r e d a t o r s ,  e t c .  More  I n f o r m a t i o n  on t h e  e c o l o g i c a l  f a c t o r s  
o f  t h e  p o p u l a t i o n s  f r o m  w h i c h  t h e s e  s eed  w e r e  c o l l e c t e d  a r e  
n ee d e d  f o r  u n d e r s t a n d i n g  t h e  o b s e r v e d  s eed  p a c k i n g  p a t t e r n s  
Among many o f  t h e  q u a n t i t a t i v e  c h a r a c t e r s  s t u d i e d  we 
f o u n d  some i n t e r e s t i n g  r e l a t i o n s h i p s  ( T a b l e  3 4 ) .  The 
a v e r a g e  numbe r  o f  n o d u l e s  p e r  p l a n t  p o s i t i v e l y  c o r r e l a t e d  
w i t h  t h e  p e r c e n t s  o f  3 - s e e d  p o d s  and 4 - s e e d  p o d s ,  b u t  









































F igu re  23. Seed pack ings o f  12 seed accessions in  1982 greenhouse experim ent.
seed/pod 
r b  seed/pod 
Jfl&2 seed/pod 
U P l  seed/pod
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Table 34. C o r r e la t io n  c o e f f i c i e n t s  between s e v e ra l q u a n t i t a t i v e  c h a ra c te rs  
s tu d ie d  o f  12 G. so.ja access ions .
1-seed pod 
Av. # n o d u le /p la n t  -0 .5 60  
w id th  banner p e ta l  -0 .5 65  
f lo w e r  le n g th  -0 .6 4 8 *
f lo w e r  tube le n g th  -0 .5 1 0
pe rcen ts  o f
2-seed pod 3-seed pod
-0 .7 4 5 * *  0 .666*
-0 .7 7 6 * *






0 .8 2 7 **  
0 .8 2 5 **  
0.557 
0.362
*  s i g n i f i c a n t  a t  5% le v e l
* *  s i g n i f i c a n t  a t  1% le v e l
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T h a t  i s ,  among t h e s e  12 a c c e s s i o n s ,  t h e  h i g h e r  t h e  p e r c e n t s  
o f  3 - s e e d  pod o r  4 - s e e d  pod  an a c c e s s i o n  h a s ,  t h e  more 
num be r  o f  n o d u l e s  p e r  p l a n t  i t  h a s .  I t  seems t o  s u g g e s t  
t h a t  n i t r o g e n  n u t r i t i o n  i s  i m p o r t a n t  f o r  i n c r e a s i n g  t h e  
num be r  o f  s e e d  p e r  pod  i n  w i l d  s o y b e a n .  A n o t h e r  i n t e r e s t i n g  
o b s e r v a t i o n  i s  t h e  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  f l o w e r  
s i z e  and t h e  p e r c e n t s  o f  3 - s e e d  pod and 4 - s e e d  p o d ,  and t h e  
n e g a t i v e  c o r r e l a t i o n  b e t w e e n  f l o w e r  s i z e  and t h e  p e r c e n t s  
o f  2 - s e e d  pod  and 1 - s e e d  p o d .  I f  t h e  s i z e  o f  t h e  f l o w e r  
p a r t s  i s  p r o p o r t i o n a l  t o  t h e  f l o w e r  s i z e ,  t h e n  t h e  l a r g e r  
f l o w e r  w i l l  h a v e  a l a r g e r  o v a r y .  And t h e  l a r g e r  o v a r y  i n  
t u r n  may h a v e  more  room o r  n u t r i t i o n  s u p p l y  f o r  s eed  
d e v e l o m e n t ,  and r e d u c e  s eed  a b o r t i o n .  The o b s e r v a t i o n  t h a t  
t h e  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  f l o w e r  t u b e  l e n g t h  and 
t h e  p e r c e n t  o f  t h e  3 - s e e d  pod seems t o  s u p p o r t  t h e  i d e a .
Many v a r i a t i o n s  o f  a g r o n o m i c  c h a r a c t e r s  s t u d i e d  among 
t h e  12 G. so . j a  a c c e s s i o n s  w e r e  s t a t i s t i c a l l y  a s s o c i a t e d  w i t h  
t h e  l a t i t u d e .  F o r  i n s t a n c e ,  i n  1 9 8 2 ,  t h e  more  n o r t h e r n  an 
a c c e s s i o n  o r i g i n s ,  t h e  l e s s  t h e  y i e l d  p e r  p l a n t  ( r  -  - 0 . 7 3 8 )  
and t h e  num be r o f  p o d s  p e r  p l a n t  ( r  = - 0 . 7 4 4 ) ,  b u t  more 
seed  p e r  pod ( r  = 0 . 5 9 5 ) .  I n  1 9 8 3 ,  s i g n i f i c a n t  c o r r e l a t i o n s  
o f  l a t i t u d e  w i t h  t h e  a v e r a g e  numbe r  o f  s eed  p e r  pod ( r  = 
0 . 7 9 9 ) ,  and w i t h  t h e  h a r v e s t  i n d e x  ( r  -  0 . 6 9 5 )  w e r e  o b s e r v e d  
The p l o t  o f  12 a c c e s s i o n s  w i t h  t h e i r  r e s p e c t i v e  l a t i t u d i n a l  
l o c a t i o n s  and t h e  f i r s t  p r i n c i p a l  c o m p o n e n t  ( a c c o u n t i n g  f o r  
43 .1% o f  t h e  t o t a l  v a r i a t i o n )  o f  a g r o n o m i c  v a r i a t i o n  i s  









y = 3 6 . 8  -  0 . 7 1 7 X
4 2 . 0
3 9 . 0
3 6 . 0
3 3 . 0
- 0 . 7 4 5
3 0 . 0
- 6 . 5
_L




1 . 0 3 . 5 6 . 0
F ig u re  24. A p l o t  o f  12 CL so/ja access ions w i th  t h e i r  l a t i t u d i n a l  
lo c a t io n s  a g a in s t  the f i r s t  p r in c i p a l  component (PCO 1) 
o f  the  agronomic v a r ia t i o n .  The PCO 1 accounts f o r  
43.1% o f  the  t o t a l  agronomic v a r ia t i o n  observed.
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s i g n i f i c a n t  ( r  = - 0 . 7 4 5 ) .  The c o r r e l a t i o n  c o e f f i c i e n t  
r  = - 0 . 3 2 6  i s  b e t w e e n  l a t i t u d e  and t h e  s e c o n d  p r i n c i p a l  
c o m p o n e n t  w h i c h  a c c o u n t e d  f o r  17 . 6% o f  t h e  t o t a l  a g r o n o m i c  
v a r i a t i o n  o b s e r v e d .
(C)  M o r p h o l o g i c a l  d a t a  o f  g r e e n h o u s e  e x p e r i m e n t s  a r e  
p r e s e n t e d  i n  T a b l e  3 5 .  T he s e  d a t a  i n c l u d e d  t h e  num be r  o f  
b r a n c h e s ,  s t em  l e n g t h  f r o m  g r o u n d  s u r f a c e  t o  t h e  f i r s t  
n o d e ,  f l o w e r  s i z e ,  3 - s e e d - p o d  s i z e ,  l e n g t h  and a n g l e  o f  
p u b e s c e n c e  on p o d ,  l e n g t h ,  a n g l e  and  d e n s i t y  o f  p u b e s c e n c e s  
on l e a f  s u r f a c e ,  l e a f l e t  s i z e  ( l e n g t h  and w i d t h  o f  t h e  
w i d e s t  a r e a )  and l e n g t h / w i d t h  r a t i o  o f  t h e  l e a f l e t .  B e s i d e s  
t h e  a n g l e s  o f  p u b e s c e n c e  t o  pod  and  t o  l e a f  s u r f a c e s ,  and 
t h e  l e n g t h  o f  p u b e s c e n c e s  on l e a f ,  t h e  m o r p h o l o g i c a l  
m e a s u r e m e n t s  l i s t e d  i n  T a b l e  35 a r e  s t a t i s t i c a l l y  d i f f e r e n t  
among t h e  1 2  s eed  a c c e s s i o n s .
The p r i n c i p a l  c o m p o n e n t  a n a l y s i s  was p e r f o r m e d  b a s e d  on 
t h e  18 m o r p h o l o g i c a l  m e a s u r e m e n t s  ( T a b l e  3 5 )  and  t h e  l u s t e r  
o f  s eed  c o a t .  The l u s t e r  o f  s eed  c o a t  o f  E4 i s  s h i n y  and 
t h e  r e s t  o f  t h e  11 a c c e s s i o n s  a r e  d u l l .  The f i r s t  t w o  
p r i n c i p a l  c o m p o n e n t s  a c c o u n t e d  f o r  33 . 1% and 2 6 . 4 % ,  r e s p e c ­
t i v e l y ,  o f  t h e  t o t a l  m o r p h o l o g i c a l  v a r i a t i o n  o b s e r v e d .
B o t h  c o m p o n e n t s  w e r e  n o t  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
l a t i t u d e  .
(D)  Q u a n t i t a t i v e  d a t a  When a l l  t h r e e  s e t s  o f  m e a s u r e m e n t s  
( p h e n o l o g i c a l , a g r o n o m i c  and m o r p h o l o g i c a l )  w e r e  p o o l e d  f o r  
p r i n c i p a l  c o m p o n e n t  a n a l y s i s ,  no c l e a r  g r o u p  was c l u s t e r e d
Table 35. The means and standard d e v i a t i o n s  (numbers i n  parentheses)  o f  morpho l oc i ca l  data o f  12 £ .  so.ja 
seed accessions.  Data c o l l e c t e d  from the greenhouse i n  1982 and 1983.
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(0 .19)
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( 0 . 1 2 0 )
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F test 14.4* * 23 .8* * 17.7* * 26 . 9* * 25 . 5* * 16.8* * 151.9** 91 . 9 * * 28 . 8* *




o ld  i n  1983 
l e v e l
and 8 -week o l d  i n 1982
Table 35. (continued)
Pubescence o f  l e a f  10th cen t r

















K1 0 2 0.3 7.4












( 1 . 6 6 )
5 5.69

















F t e s t 68 . 7* * 35 . 3* *
l e a f l e t  o f  main stem 











2 . 0 0
( 0 . 1 1 )
2.63
(0.32)
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34 . 8 * *  29 . 3* *
average l e n g t h / w i d t h  o f  
















































( 0 . 1 2 )
4 0 . 3 * *  12.73**
l e a f l e t
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among t h e  1 2  s eed  a c c e s s i o n s  on t h e  p l a n e  f o r m e d  by t h e  
f i r s t  t w o  p r i n c i p a l  c o m p o n e n t s  ( a c c o u n t i n g  f o r  37 . 2% and 
18 .0% o f  t h e  t o t a l  v a r i a t i o n ,  r e s p e c t i v e l y ) ( F i g u r e  2 5 ) .
T h i s  s e t  o f  p o o l e d  d a t a  i s  c a l l e d  q u a n t i t a t i v e  d a t a  o f  12 
s ee d  a c c e s s i o n s  i n  t h i s  r e p o r t .  A s t r o n g  c o r r e l a t i o n  
( r  = - 0 . 8 4 1 )  b e t w e e n  t h e  f i r s t  p r i n c i p a l  c o m p o n e n t  and 
l a t i t u d e  i s  shown i n  F i g u r e  2 6 .  The r e s u l t  i n d i c a t e s  t h a t  
37 . 2% o f  t h e  q u a n t i t a t i v e  v a r i a t i o n  m e a s u r e d  among t h e  12 
s eed  a c c e s s i o n s  i s  h i g h l y  a s s o c i a t e d  w i t h  t h e i r  l a t i t u d i n a l  
l o c a t i o n s .  T h i s  a s s o c i a t i o n  may be m a i n l y  c o n t r i b u t e d  by 
t h e  p h e n o l o g i c a l  and a g r o n o m i c  v a r i a t i o n  b e c a u s e  59 . 6% o f  
t h e  p h e n o l o g i c a l  v a r i a t i o n  and 4 3 . 1 % o f  t h e  a g r o n o m i c  
v a r i a t i o n  a r e  h i g h l y  a s s o c i a t e d  w i t h  l a t i t u d e ,  and  no 
m o r p h o l o g i c a l  v a r i a t i o n  i s  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
l a t i t u d e .  S i n c e  m o s t  o f  p h e n o l o g i c a l  and a g r o n o m i c  
c h a r a c t e r s  a r e  r e l a t i v e  t o  r e p r o d u c t i o n  o f  a p l a n t ,  w h e t h e r  
a p l a n t  can  e x i s t  and r e p r o d u c e  i n  an a r e a  i s  m a i n l y  
d e t e r m i n e d  by e n v i r o n m e n t a l  f a c t o r s ,  s u c h  as day  l e n g t h ,  
t e m p e r a t u r e ,  w a t e r ,  and  g r o w i n g  s e a s o n .  The se  e n v i r o n m e n t a l  
f a c t o r s  c h a n g e  l a t i t u d i n a l l y . Many m o r p h o l o g i c a l  c h a r a c t e r s  
a r e  g e n e r a l l y  b e l i e v e d  t o  be t h e  r e s u l t  o f  a d a p t a t i o n  o f  
p l a n t s  f o r  g r o w t h  and c o m p e t i t i v e  s u r v i v a l .  F o r  i n s t a n c e ,  
l e a f  s i z e ,  s h ap e  as w e l l  as t h e  d e n s i t y  and l e n g t h  o f  
p u b e s c e n c e  a f f e c t  h e a t  e x c h a n g e  and p h o t o s y n t h e s i s  ( G i v n i s h ,  
1 97 9 ,  B a r b o u r  e_t a_l . , 1 9 8 0 ) .  The i n f l o r e s c e n c e  s i z e  and 
f l o w e r  s hap e  a f f e c t  t h e  p o l l i n a t i o n  ( W a s e r ,  1 9 8 3 ) .  H o w e v e r ,  









f i g u r e  25
*  M
O f  *  K113
*  K109
• *  K28
2~ rK4  *1 *
* E 4  I k7 K10i





- 12 . 0  - 8 . 0  - 4 . 0  0 .0  4 .0  8 .0
PCO 1
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F i gu r e  26. O r d i n a t i o n  o f  t he 12 G. so.ja access ions a ga ins t  t he l a t i t u d e  
and the f i r s t  p r i n c i p a l  component (PCO 1) which account i ng  
37.2% o f  t he t o t a l  q u a n t i t a t i v e  v a r i a t i o n  observed.
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c h a r a c t e r s  may v a r y  l o c a l l y ,  s u c h  as t h e  c a n o p y ,  t h e  
n e i g h b o r h o o d  s p e c i e s ,  and t h e  p o l l i n a t o r .
( E )  Q u a n t i t a t i v e  m e a s u r e m e n t s  o f  12 a c c e s s i o n s  i n  f i e l d  
e x p e r i m e n t . T a b l e s  36 and 37 a r e  l i s t s  o f  s e v e r a l  q u a n t i ­
t a t i v e  m e a s u r e m e n t s  f o r  t h e  12 s eed  a c c e s s i o n s  i n  1982  and 
1983 f i e l d  e x p e r i m e n t s ,  r e s p e c t i v e l y .  I t  t o o k  l o n g e r  f o r  
seed  t o  g e r m i n a t e  and f o r  p l a n t s  t o  f l o w e r  i n  f i e l d  t h a n  i n  
t h e  g r e e n h o u s e .  K113 and M e v e n  d i d n ' t  f l o w e r  b e f o r e  f r o s t  
damaged t h e  p l a n t s  i n  1 9 8 2 .  H o w e v e r ,  t h e  f l o w e r i n g  t i m e  
s t i l l  c o r r e l a t e d  h i g h l y  w i t h  l a t i t u d e  as i t  d i d  i n  g r e e n h o u s e  
e x p e r i m e n t .  H i g h e r  w i t h i n  a c c e s s i o n  v a r i a t i o n  was o b s e r v e d  
i n  f i e l d  t h a n  i n  g r e e n h o u s e  e x p e r i m e n t s  f o r  a l l  o f  t h e  
q u a n t i t a t i v e  c h a r a c t e r s  s t u d i e d .  I n  a d d i t i o n  t o  t h e  more  
h e t e r o g e n e o u s  e n v i r o n m e n t  i n  f i e l d  t h a n  i n  g r e e n h o u s e ,  t h e  
h i g h e r  w i t h i n - a c c e s s i o n  v a r i a t i o n  o b s e r v e d  i n  t h e  f i e l d  may 
be due t o  v a r i o u s  d e g r e e  o f  i n s e c t i c i d e  and h e r b i c i d e  
i n j u r i e s  among p l a n t s .  Many p l a n t s  d i e d  o r  damaged s e r i o u s l y  
a f t e r  i n s e c t i c i d e  and h e r b i c i d e  a p p l i c a t i o n  t o  c o n t r o l  c u t  
worms and  w e e d s .
Table 36. Quantitative data of 12 G. so.ja accessions in 1982 field experiment. (The number in the
parenthesis is the standard deviation of the accession mean.)
# days (sown -  
germinated)
h e i gh t  (cm) 
9 wks o l d
# branch 
9 wks o l d
# days(germinated 
-  f l o w e r i n g )
1 0 t h  l e a f l e t  
l e n g t h / w i d t h
K109 1 0 . 2 29.1 3.4 104.4 2 . 2
(2 .31) (13.9) (2 .57) (2 .57) (0 .28)
E4 1 2 . 6 37.7 5.6 103.6 2 . 2
(3 .95) (8 .39) (2 .07) (3 .03) (0 .14)
K9 9.5 24.0 5.4 111.4 1 . 6
(1 .61) ( 1 1 . 1 ) (2 .48) (4 .38) ( 0 . 2 0 )
K7 9.9 2 2 . 0 4.7 106.1 1.7
(1 .63) ( 1 0 . 1 ) (1 .84) (1 .94) ( 0 . 2 1 )
K.102 9.5 17.7 4.1 109.8 1 . 6
(1 .57) (8 .52) (1 .76) (7 .28) ( 0 . 1 2 )
K28 1 0 . 6 10.5 4.3 111.3 1.5
(1 .42) (4 .83) (2 .32) (9 .64) ( 0 . 2 1 )
K52 1 0 . 0 6 . 8 6 . 6 106.4 2 . 0
( 1 . 6 6 ) (1 .81) ( 2 . 2 2 ) (3 .47) (0 .23)
K42 7.8 14.4 4.4 1 0 1 . 0 1.5
(1.36) (9 .84) (2 .97) (7 .81) (0 .13)
K101 10.9 8 . 6 4.7 118.8 1.9
(2.73) (4 .51) (2 .16) (5 .46) (0 .17)
K31 1 0 . 6 5.9 4.5 111.7 1.7
(1.27) (2 .50) (2 .58) (5 .61) (0 .15)
M 9.0 15.3 4.6 ___ 1.7
(1.37) (5 .55) (1 .45) (0 .16)
K113 11.5 19.5 4.5 ___ 1 . 6
(1 .44) (9 .78) (2.23) (0 .15)
F t e s t 8 . 1 * * 8 . 9 * * 1.77 9 2 * * 17 .3* *
* *  s i g n i f i c a n t  a t  1% l e v e l
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Table 37. Quantitative data of 12 £. so.ja accessions in 1983 field experiment. (The number in
parenthesis is the standard deviation of the accession mean).
# branches height (cm) above ground dry r o o t / t o t a l  wt . # nodules # days(germinna
10  wks o l d 1 0  wks o l d w t . ( g )  1 0  wks o ld 1 0  wks o l d 1 0  wks o l d -  f l o w e r i n g )
K109 9.7 27.2 3.5 1 0 . 6 9.3 83.8
(2 .9 ) ( 1 2 . 8 ) (2 .4 ) ( 6 . 2 ) ( 6 .9 ) ( 7 .1 )
E4 12.5 59.9 9.2 8 . 8 8.4 91.5
( 4 .7 ) (32 .2) ( 7 .1 ) ( 4 .5 ) ( 7 .4 ) ( 6 .9 )
K9 10.7 26.9 7.3 9.7  • 11.3 108.1
(3 .3 ) (14 .9) ( 5 .4 ) ( 6 . 1 ) ( 6 . 6 ) ( 3 .9 )
K7 9.5 42.6 8 . 1 12.5 1 0 . 2 104.3
(4 .7 ) (30.6) ( 8 . 0 ) ( 8 .5 ) ( 6 .3 ) ( 2 . 6 )
K102 10.5 40.5 1 1 . 0 8.5 7.9 103.7
(3 .5 ) (30.9) ( 8 . 6 ) ( 2 .9 ) (16 .6) ( 5 .6 )
K28 11.3 24.9 6.3 14.2 28.0 105.3
(3 .0 ) (14.3) ( 6 . 6 ) ( 4 .6 ) (17 .7 ) ( 3 .4 )
K52 1 1 . 2 2 1 . 2 9.5 8 . 8 18.3 103.6
(2 .7 ) (12.5) (5 .2 ) ( 1 .9 ) ( 1 1 . 2 ) ( 2 . 8 )
K42 1 0 . 0 18.4 4.2 13.0 26.3 102.3
(1 .4 ) ( 4 .8 ) ( 2 .5 ) ( 1 .4 ) ( 7 .0 ) ( 1 .3 )
K101 1 1 . 0 31.9 1 2 . 2 12.3 17.1 117.0
(4 .8 ) (23 .4) ( 8 . 1 ) ( 7 .5 ) ( 1 0 . 0 ) ( 1 .9 )
K31 1 1 . 2 13.9 8 . 6 1 2 . 6 18.1 107.4
(2 .3 ) ( 6 .9 ) ( 5 .6 ) ( 3 .2 ) ( 1 1 . 2 ) ( 3 .2 )
M 12.9 36.3 9.9 8 . 8 1 2 . 6 129.9
( 1 .9 ) (15.7) ( 6 . 2 ) ( 1 .7 ) ( 8 . 2 ) ( 3 .7 )
K113 14.0 49.2 16.2 6 . 8 14.5 138.2
( 3 .5 ) (25.9) (12.4) ( 2 . 2 ) ( 7 .3 ) ( 4 .7 )
F t e s t  1.59 3 . 09* *
* s i g n i f i c a n t  a t  5% l e v e l ;  * *
0.24
s i g n i f i c a n t  a t  1%
2.16*
l e v e l
0.31 287 .7* *
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( 2 ) .  Q u a n t i t a t i v e  v a r i a t i o n  o f  t h e  f o u r  n a t u r a l  G. so. ja  
p o p u l a t i o n s  a l o n g  t h e  K i t a k a m i  r i v e r ,  J a p a n .
T a b l e  38 i s  t h e  l i s t  o f  p o p u l a t i o n  means and s t a n d a r d  
d e v i a t i o n s  o f  16 q u a n t i t a t i v e  m e a s u r e m e n t s  f o r  G, S,  K and 
I ,  t h e  f o u r  p o p u l a t i o n s  a l o n g  t h e  K i t a k a m i  r i v e r .  Among 
t h e s e  16 m e a s u r e d  i t e m s ,  o n l y  t h r e e  ( l e n g t h  and w i d t h  o f  
3 - s e e d  p o d s ,  100 s e e d  w e i g h t )  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  
among f o u r  p o p u l a t i o n s  a t  t h e  1 % l e v e l ,  and t wo  ( t o t a l  d r y  
w e i g h t  o f  6 - w e e k  o l d  s a m p l i n g s  and p u b e s c e n c e  a n g l e  t o  t h e  
u n d e r s u r f a c e  o f  l e a f )  w e r e  d i f f e r e n t  a t  t h e  5% l e v e l .  The 
r e s t  o f  t h e  i t e m s  w e r e  n o t  d i f f e r e n t  i n t e r p o p u l a t i o n a l l y .
The r e l a t i v e  p o s i t i o n s  o f  t h e s e  f o u r  p o p u l a t i o n s  on t h e  f i r s t  
two  p r i n c i p a l  c o m p o n e n t  a x e s ,  w h i c h  a c c o u n t e d  f o r  42 . 4%  and 
34 .3% o f  t o t a l  q u a n t i t a t i v e  v a r i a t i o n ,  r e s p e c t i v e l y ,  a r e  
shown i n  F i g u r e  2 7 .  A l t h o u g h  p o p u l a t i o n s  G and I  a r e  
d i f f i c u l t  t o  d i s t i n g u i s h  on t h e  f i r s t  c o m p o n e n t  a x i s ,  and 
p o p u l a t i o n s  S and K a r e  d i f f i c u l t  t o  d i s t i n g u i s h  on t h e  
s e c o n d  c o m p o n e n t  a x i s ,  t h e  f o u r  p o p u l a t i o n s  can  be s e p a r a t e d  
c l e a r l y  by t h e  f i r s t  t w o  q u a n t i t a t i v e  p r i n c i p a l  c o m p o n e n t s  
( F i g u r e  2 7 ) .  The c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  l a t i t u d e  
and t h e  f i r s t  p r i n c i p a l  c o m p o n e n t  i s  r  = - 0 . 1 6 6 , and  b e t w e e n  
l a t i t u d e  and t h e  s e c o n d  p r i n c i p a l  c o m p o n e n t  i s  r  = - 0 . 9 5 9  
( F i g u r e  2 8 ) .  T h i s  r e s u l t  i n d i c a t e s  t h a t  34 .3% o f  t h e  t o t a l  
q u a n t i t a t i v e  v a r i a t i o n  o b s e r v e d  among t h e  f o u r  n a t u r a l  
p o p u l a t i o n s  i s  s i g n i f i c a n t l y  a s s o c i a t e d  w i t h  l a t i t u d e .  The 
q u a n t i t a t i v e  c h a r a c t e r s  w h i c h  c o n t r i b u t e  t h e  m o s t  t o  t h e  
s e c o n d  p r i n c i p a l  c o m p o n e n t  a r e  l e n g t h  and w i d t h  o f  3 - s e e d
Table 38. The means and s tandard d e v i a t i o n s  (number i n  pa ren thes i s )  o f  t he q u a n t i t a t i v e  measurements o f  the 
f ou r  n a t u r a l  G. so.ja popu la t i ons  along the Ki takami  r i v e r ,  Japan.
(days)  sowed- 
qerminated
/ /branches 
4 wks o l d
/ /branches 
6 wks o l d
height (cm)  
4 wks o l d
// o f  l eave 
5 wks o ld
t o t a l  dry  wt .  
(q)  6 wks o l d
r o o t / t o t a l  
6 wks o l d
/ /nodules 
6 wks o l d
G A. 867 0.167 2.833 33.5 8.00 3.043 13.10 2.08
(0.370) (0.389) (0.835) (8 .6 ) (1 .37) (0.617) (3 .06) (3 .60)
S 4.850 0.167 2.833 42.4 9.04 3.657 10.92 0.42
(0.243) (0.389) (0.718) (12 .6) (2 .20) (0.845) (2 .31) (0 .67)
K 4.933 0.417 2.250 37.0 8.67 2.729 11.67 0.58
(0.472) (0.669) (0.754) (16.3) (2 .26) (1.010) (1 .70) (1 .00)
I 4.750 0.333 3.000 40.0 8.25 3.766 11.73 1.58
(0.358) (0.651) (0.953) (10.7) (1 .20) (0.922) (1 .43) (2 .35)
F t e s t  0.50 0.64 1.93 1.14 0.77 3.97* 2.03 1.54
3-seed pod 3-seed pod 100 seed l e n g t h / w i d t h l e a f l e t pubescence o f l e a f  undersur face
lenqth(cm) wid th  (cm) wt .  (q) c e n t r a l l a t e r a l dens i t y ( /mm2) angle lenqth(mm)
G 2.542 0.500 1.837 1.983 1.742 17.08 13.33 0.367
(0.116) (0) (0.355) (0.272) (0.188) (3 .23) (12.85) (0.123)
S 2.480 0.506 2.104 1.942 1.733 17.58 9.58 0.292
(0.189) (0.049) (0.334) (0.261) (0.192) (4 .17) (10.10) (0.131)
K 2.700 0.538 2.067 1.858 1.625 19.83 5.42 0.242
(0.295) (0.048) (0.445) (0.156) (0.160) (5 .44) (4 .98) (0.090)
I 2.850 0.558 2.439 1.800 1.683 16.58 16.67 0.350
(0.215) (0.047) (0.391) (0.160) (0.119) (3 .45) (9 .37) (0 .138)
F t e s t  7 . 26* * 5 . 24* * 5 . 02* * 1.69 1.24 1.42 2.97* 2.63
* s i g n i f i c a n t  a t  5% l e v e l
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F i gu r e  27. O r d i n a t i o n  o f  the f ou r  n a t u r a l  pop u la t i o ns  (G, S, K and I )  
a g a i ns t  the f i r s t  (PCO 1) and second (PCO 2) p r i n c i p a l  
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F i gu re  28.  O rd i n a t i o n  o f  the f ou r  _G. so/ja pop u l a t i ons  (G, S, K and I )  
a ga ins t  the l a t i t u d e  and the second p r i n c i p a l  component 
(PCO 2) o f  t he q u a n t i t a t i v e  v a r i a t i o n  observed.
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p o d ,  100 s eed  w e i g h t  and  l e n g t h / w i d t h  o f  c e n t r a l  l e a f l e t .
5 .  COMPARISON OF THE POPULATION D I FFERENTI AT I ON BASED ON 
PROTEIN VARIATION AND QUANTITATIVE VARI AT I ON.
E l e c t r o p h o r e t i c a l l y  d i s t i n g u i s h a b l e  p r o t e i n  v a r i a n t s  
h a v e  been  w i d e l y  u s e d  t o  e s t i m a t e  t h e  a m o u n t  o f  g e n e t i c  
v a r i a t i o n  w i t h i n  and among p o p u l a t i o n s  o f  p l a n t s  ( B r o w n ,
1 9 7 9 ) .  H i g h  a s s o c i a t i o n s  b e t w e e n  enzyme l o c i  and q u a n t i ­
t a t i v e  c h a r a c t e r s  w e r e  f o u n d  i n  Avena  b a r b a t a  ( H a m r i c k  and 
A l l a r d ,  1 9 7 5 ) ,  and L y c o p e r s i c o n  e s c u l e n t u m  and S o l a n u m  
p e n n e l l i  ( T a n k s l e y  e_t aj^.  , 1 9 8 1 ) .  L i n h a r t  and M i t t o n  
( 1 9 8 5 )  r e p o r t e d  t h a t  d i f f e r e n t i a l  f e m a l e  c o n e  p r o d u c t i o n  o f  
p o n d e r o s a  p i n e  was a s s o c i a t e d  w i t h  p r o t e i n  g e n o t y p e ,  and 
S t u b e r  e_t _al .  ( 1 9 8 2 )  r e p o r t e d  t h a t  s e l e c t i o n  b a s e d  s o l e l y  
a l l e l e  f r e q u e n c i e s  a t  enzyme l o c i  r e s u l t e d  i n  a s i g n i f i c a n t  
i n c r e a s e  i n  y i e l d  and e a r  numbe r  o f  m a i z e .  I n  t h e  p r e s e n t  
s t u d y ,  many c o r r e l a t i o n s  b e t w e e n  enzyme g e n o t y p e  and 
q u a n t i t a t i v e  t r a i t s  w e r e  f o u n d  s t a t i s t i c a l l y  d i f f e r e n t  f r o m  
z e r o  as shown i n  t h e  A p p e n d i x  IV  f o r  t h e  f o u r  n a t u r a l  
p o p u l a t i o n s .  S i n c e  t h e  q u a n t i t a t i v e  m e a s u r e m e n t s  and 
p r o t e i n  d a t a  a r e  t wo  p i c t u r e s  o f  a p o p u l a t i o n ,  t h e  d e g r e e  
o f  t h e  c o n g r u e n c e  b e t w e e n  t hem i n  t h e  e s t i m a t e  o f  p o p u l a t i o n  
d i f f e r e n t i a t i o n  may d e t e r m i n e  t o  w h a t  e x t e n t  t h a t  i n f o r m a t i o n  
a b o u t  one s e t  o f  c h a r a c t e r s  p r o v i d e s  i n f o r m a t i o n  a b o u t  t h e  
o t h e r  s e t  o f  c h a r a c t e r s .
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( 1 ) .  The 12 G. so . l a  s e e d  a c c e s s i o n s
The E u c l i d e a n  d i s t a n c e  ( S n e a t h  and S o k a l ,  1 9 7 3 ;  W i s h a r t ,  
1 9 7 8 )  was u s e d  t o  e s t i m a t e  d i s s i m i l a r i t i e s  among t h e  12 s e ed  
a c c e s s i o n s  b a s e d  on t h e  f o l l o w i n g  d a t a  s e t s :
a .  P h e n o l o g i c a l  d a t a  o f  g r e e n h o u s e
b .  A g r o n o m i c  d a t a  o f  g r e e n h o u s e
c .  M o r p h o l o g i c a l  d a t a  o f  g r e e n h o u s e
d.  Q u a n t i t a t i v e  d a t a  ( c o m b i n a t i o n  o f  a ,  b ,  and  c )
e .  P r o t e i n  d a t a  ( a l l e l e  f r e q u e n c y  i n  n u m e r i c  f o r m )
f .  P r o t e i n  d a t a  ( g e n o t y p e  c o d i n g  i n  b i n a r y  f o r m ,
p r e s e n c e  = 1,  a b s e n c e  = 0 )
The d i s s i m i l a r i t y  c o e f f i c i e n t  m a t r i c e s  f o r  t h e s e  s i x  s e t s  o f  
d a t a  o f  t h e  12 a c c e s s i o n s  a r e  l i s t e d  i n  A p p e n d i x  V.  A l l  
d i s s i m i l a r i t y  m a t r i c e s  w e r e  t h e n  u s e d  t o  c l u s t e r  t h e  12 s eed  
a c c e s s i o n s  by W a r d ' s  e r r o r  sum o f  s q u a r e s  m e t h o d  u s i n g  t h e  
'CLUSTAN'  c o m p u t e r  p r o g r a m  ( W i s h a r t ,  1 9 7 8 ) .  The r e s u l t i n g  
p h e n o g r a m s  a r e  p r e s e n t e d  i n  F i g u r e  2 9 .  The c o n g r u e n c e  o f  
a p a i r  o f  p h e n o g r a m s  r e f e r s  t o  t h e  c o n c o r d a n c e  o f  t h e i r  
b r a n c h i n g  t o p o l o g i e s .  To a s s e s s  t h e  r e l a t i v e  c o n g r u e n c e  o f  
t h e s e  p h e n o g r a m s ,  F a r r i s '  c l u s t e r  d i s t o r t i o n  c o e f f i c i e n t  
( F a r r i s ,  1 9 7 3 )  was c a l c u l a t e d  f o r  e ac h  p a i r  o f  p h e n o g r a m s  
and l i s t e d  i n  T a b l e  3 9 .  To c a l c u l a t e  t h i s  c o e f f i c i e n t ,  
e ac h  c l u s t e r  o f  t h e  f i r s t  t r e e  ( p h e n o g r a m )  i s  t a k e n  as a 
v a r i a b l e  f o r  w h i c h  e a c h  p o p u l a t i o n  ( a c c e s s i o n )  i s  s c o r e d  
as p r e s e n t  o r  a b s e n t .  The se  a r e  r e f e r r e d  t o  as t r e e  
v a r i a b l e s .  The mean c o e f f i c i e n t  o f  d i s t o r t i o n  i s  t h e  mean 
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F igure  29. Phenograms o f  c l u s t e r  ana lyses,  based on the q u a n t i t a t i v e  
and p r o t e i n  data o f  12 _G. so.ja seed access ions.
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T a b l e  3 9 .  Mean d i s t o r t i o n  c o e f f i c i e n t s  b e t w e e n  p h e n o g r a m s  
o f  12 G. so . j a  a c c e s s i o n s .
( A )  Based  on p r o t e i n  ( n u m e r i c  f o r m )  p h e n o g r a m
P h en o g r a m  mean d i s t o r t i o n  c o e f f .  s t a n d a r d  d e v i a t i o n
P r o t e i n  ( b i n a r y )
P h e n o l o g i c a l
A g r o n o m i c
M o r p h o l o g i c a l
Q u a n t i t a t i v e
0 .  52 
0 . 7 0  
0 . 9 5  
0 . 8 1  
0 . 9 6
0 . 4 4  
0 . 4 0  
0 . 1 6  
0 .  33 
0 . 0 9
Based  on p r o t e i n  ( b i n a r y  f o r m ) p h e n o g r a m
P h en o g r a m  mean d i s t o r t i o n c o e f f . s t a n d a r d d e v i a t i o n
P r o t e i n ( n u m e r i c )
P h e n o l o g i c a l
A g r o n o m i c
M o r p h o l o g i c a l
Q u a n t i t a t i v e
0 . 5  4 
0 .  73 
0 . 9 8  
0 . 6 4  
0 .  79
0 . 4 3  
0 . 3 7  
0 . 0 6  
0 .  39 
0 .  33
Based  on g u a n t i t a t i v e  p h e n o g r a m
P h e n o g r a m  mean d i s t o r t i o n c o e f f . s t a n d a r d d e v i a t i o n
P r o t e i n ( n u m e r i c )  
P r o t e i n ( b i n a r y ) 
P h e n o l o g i c a l  
A g r o n o m i c  
M o r p h o l o g i c a l
0 . 8 1
0 . 6 1
0 . 6 9
0 . 4 9
0 . 2 5
0 . 2 2  
0 .  34 
0 . 4 2  
0 . 4 6  
0 . 4 1
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on t h e  s e c o n d  t r e e ,  and  r e p r e s e n t s  t h e  mean p e r c e n t a g e  o f  
p o s s i b l e  d i s t o r t i o n .  P e r f e c t  c o n g r u e n c e  y i e l d s  a mean 
d i s t o r t i o n  c o e f f i c i e n t  o f  0 ,  and c o m p l e t e  d i s t o r t i o n ,  a 
v a l u e  o f  1 . 0 .
The mean d i s t o r t i o n  c o e f f i c i e n t s  b e t w e e n  t h e  p h e n o l o g i c a l  
p h e n o g r a m  and b o t h  p r o t e i n  ( n u m e r i c  and b i n a r y  f o r m s )  
p h e n o g r a m s  a r e  s i m i l a r .  So a r e  t h e  mean d i s t o r t i o n  
c o e f f i c i e n t s  b e t w e e n  a g r o n o m i c  p h e n o g r a m  and t h e  t w o  p r o t e i n  
p h e n o g r a m s .  H o w e v e r ,  t h e  mean d i s t o r t i o n  c o e f f i c i e n t  
b e t w e e n  m o r p h o l o g i c a l  p h e n o g r a m  and p r o t e i n  ( n u m e r i c  f o r m )  
p h e n o g r a m  i s  l a r g e r  t h a n  b e t w e e n  m o r p h o l o g i c a l  and p r o t e i n  
( b i n a r y  f o r m )  p h e n o g r a m s .  A s i m i l a r  p a t t e r n  i s  f o u n d  
b e t w e e n  t h e  q u a n t i t a t i v e  and b o t h  p r o t e i n  p h e n o g r a m s .  I n  a 
r e v i e w  o f  t h e  a p p l i c a t i o n  o f  e l e c t r o p h o r e t i c  d a t a  i n  
s y s t e m a t i c  s t u d i e s ,  B u t h  ( 1 9 8 4 )  a r g u e d  t h a t  e l e c t r o p h o r e t i c  
d a t a  t r a n s f o r m a t i o n ,  c o d i n g  and m e t h o d  o f  a n a l y s i s  u s u a l l y  
a f f e c t  t h e  r e s u l t s  o f  c o m p a r a t i v e  s t u d i e s .  U s i n g  n u m e r i c  
f o r m  o r  b i n a r y  f o r m  o f  a l l o z y m e  d a t a  i s  e s p e c i a l l y  a t  i s s u e .
I n  a c l a d i s t i c  s t u d y  o f  M e n i d i a , M i c k e v i c h  and J o h n s o n  
( 1 9 7 6 )  s u g g e s t e d  ' a l t h o u g h  i t  m i g h t  seem t h a t  f r e q u e n c y  
c o d i n g  w o u l d  y i e l d  g r e a t e r  p r e c i s i o n ,  p r e s e n c e - a b s e n c e  
c o d i n g  m e a s u r e s  an e v o l u t i o n a r i l y  more  s i g n i f i c a n t  v a r i a b l e .  
S i n c e  s e l e c t i o n  can a l t e r  t h e  f r e q u e n c i e s  o f  o n l y  t h o s e  
a l l e l e s  t h a t  a r e  p r e s e n t ,  a c q u i s i t i o n  o f  an a l l e l e ,  f o r  
c l a d i s t i c s ,  may be more  i m p o r t a n t  t h a n  s u b s e q u e n t  m o d i f i ­
c a t i o n  o f  a f r e q u e n c y . '  S i n c e  t h e  p r e s e n t  s t u d y  i s  a 
p h e n e t i c ,  n o t  p h y l e t i c  s t u d y ,  t h e  n u m e r i c  f o r m  may show more
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p r e c i s e  g e n e t i c  r e l a t i o n s h i p s  among s e e d  a c c e s s i o n s  t h a n  t h e  
b i n a r y  f o r m .  B u t  t h e  h i g h  g e n e t i c  p u r i t y  w i t h i n  a c c e s s i o n  
may r e d u c e  t h e  d i f f e r e n c e  i n  u s i n g  t h e s e  t w o  f o r m s  t o  
c a l c u l a t e  t h e  d i s t a n c e  b e t w e e n  a c c e s s i o n s .
I n  g e n e r a l ,  t h e  mean d i s t o r t i o n  c o e f f i c i e n t s  b e t w e e n  
t h e  t w o  p r o t e i n  ( n u m e r i c  and b i n a r y )  p h e n o g r a m s  and b e t w e e n  
t h e  f o u r  q u a n t i t a t i v e  p h e n o g r a m s  ( p h e n o l o g i c a l ,  a g r o n o m i c ,  
m o r p h o l o g i c a l  and q u a n t i t a t i v e )  a r e  s m a l l e r  t h a n  b e t w e e n  
p r o t e i n  and q u a n t i t a t i v e  p h e n o g r a m s .  And t h e  mean d i s t o r t i o n  
c o e f f i c i e n t s  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  a r e  r e l a t i v e l y  
l a r g e .  A mean d i s t o r t i o n  c o e f f i c i e n t  0 . 0 0 3 6  was r e p o r t e d  
b e t w e e n  m o r p h o m e t r i e s  and a l l o z y m e s  p h e n o g r a m s  o f  M e n i d i a  
( M i c k e v i c h  and J o h n s o n ,  1 9 7 6 ) .
A n o t h e r  way t o  see  t h e  c o n c o r d a n c e  b e t w e e n  t h e  e s t i m a t e s  
o f  p o p u l a t i o n  d i f f e r e n t i a t i o n  b a s e d  on q u a n t i t a t i v e  and 
p r o t e i n  v a r i a t i o n s  i s  t o  c o m p u t e  t h e  c o r r e l a t i o n  b e t w e e n  t h e  
p o p u l a t i o n  d i s t a n c e s  w h i c h  a r e  e s t i m a t e d  f r o m  t h e  
q u a n t i t a t i v e  and p r o t e i n  d a t a .  The p r o d u c t - m o m e n t  c o r r e l a t i o n  
and t h e  S p e a r m a n ' s  r a n k  o r d e r  c o r r e l a t i o n  ( L i n d e m a n  e_t a l . ,
1 9 8 0 )  b e t w e e n  q u a n t i t a t i v e  and p r o t e i n  d i s t a n c e s  ( d i s s i m i ­
l a r i t i e s  i n  A p p e n d i x  V and N e i ' s  DN i n  T a b l e  2 3 )  o f  t h e  12 
s eed  a c c e s s i o n s  a r e  l i s t e d  i n  T a b l e  4 0 .  The l a t i t u d i n a l  
d i s t a n c e s  among t h e s e  12 a c c e s s i o n s  w e r e  a l s o  i n c l u d e d  i n  
t h e  c o r r e l a t i o n  c o m p u t a t i o n .  The r e s u l t s  b a s e d  on b o t h  
c o r r e l a t i o n  c o m p u t i n g  m e t h o d s  w e r e  s i m i l a r .  S t r o n g  
c o r r e l a t i o n s  w e r e  f o u n d  b e t w e e n  d i s t a n c e  e s t i m a t e s  b a s e d  on 
t h e  same p r o t e i n  d a t a  QDN , p r o t e i n  ( n u m e r i c  f o r m )  and
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Table 40.  C o r r e l a t i o n s  between d i s t anc es  o f  q u a n t i t a t i v e ,  p r o t e i n  and 
l a t i t u d e  o f  12 G. so.ja seed access ions .
(A) Product-moment c o r r e l a t i o n
(a) L a t i t u d e (a) (b) (c ) (d) (e) ( f )
(b)
dn 0 . 438* *
(c) P r o t e in ( n ume r i c ) 0 . 340* * 0 . 797 * *
(d) P r o t e i n ( b i n a r y ) 0.308* 0 . 851 * * 0 . 931* *
(e)  Pheno l og i ca l 0 . 747* * 0 . 457* * 0.204 0.217
( f ) Agronomic 0 . 616* * 0 . 443 * * 0 .311* 0 .255* 0 . 666* *
(g)  Morpho log i ca l 0 . 502* * 0.080 -0 .069 -0 .135 0 . 523* * 0 . 564* *
(h) Q u a n t i t a t i v e 0 . 730* * 0 . 392 * * 0.185 0.142 0 . 854* * 0 . 889* *
(B) Spearman's r ank ing  o rde r  c o r r e l a t i o n
(a) L a t i t u d e (a) (b) (c ) (d) (e) ( f )
(b)
dn
0 . 333* *
(c) P r o t e i n ( nume r i c ) 0.292* 0 . 789 * *
(d) P r o t e i n ( b i n a r y ) 0.277* 0 . 840* * 0 . 920* *
(e) Pheno l og i ca l 0 . 667* * 0 . 387* * 0.181 0.199
( f ) Agronomic 0 . 564* * 0 . 459* * 0 . 341* * 0.268* 0 . 648* *
(g)  Morpho l og i ca l 0 . 536* * 0.087 -0 .024 -0 .080 0 . 533* * 0 . 532* *
(h) Q u a n t i t a t i v e 0 . 691* * 0 . 349* * 0.186 0.133 0 . 834* * 0 . 834* *
Isi
*  C o r r e l a t i o n  c o e f f i c i e n t  i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom zero a t  5% l e v e l .
* *  C o r r e l a t i o n  c o e f f i c i e n t  i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom zero a t  1% l e v e l .
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p r o t e i n  ( b i n a r y  f o r m ) ] .  H i g h  c o r r e l a t i o n s  w e r e  a l s o  f o u n d  
b e t w e e n  d i s t a n c e  e s t i m a t e s  b a s e d  on q u a n t i t a t i v e  c h a r a c t e r s  
( p h e n o l o g i c a l ,  a g r o n o m i c ,  m o r p h o l o g i c a l  and q u a n t i t a t i v e  
d a t a ) .  H o w e v e r ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  
d i s t a n c e  e s t i m a t e s  o f  q u a n t i t a t i v e  and  p r o t e i n  c h a r a c t e r s  
w e re  r e l a t i v e l y  l o w  a nd  many o f  t hem w e r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  z e r o .  D i s t a n c e  e s t i m a t e s  b a s e d  on m o r p h o ­
l o g i c a l  c h a r a c t e r s  e s p e c i a l l y  showed  d i s c o n c o r d a n t  w i t h  
d i s t a n c e  e s t i m a t e s  b a s e d  on p r o t e i n  v a r i a t i o n s .
B o t h  d i s t a n c e s  o f  and  p r o t e i n  ( n u m e r i c  f o r m )  we r e
c o m p u t e d  b a s e d  on p r o t e i n  a l l e l e  f r e q u e n c y .  H o w e v e r ,  i n  t h e
c a l c u l a t i o n  o f  Dkl , t h e  u n i t  c h a r a c t e r  was ' l o c u s ' ,  and a l lN ’
t h e  l o c i  ( p o l y m o r p h i c  and m o n o m o r p h i c )  w e r e  i n c l u d e d .  W h i l e  
i n  t h e  c a l c u l a t i o n  o f  p r o t e i n  ( n u m e r i c  f o r m )  d i s t a n c e ,  t h e  
u n i t  c h a r a c t e r  was ' a l l e l e ' ,  and o n l y  t h o s e  v a r i a b l e  l o c i  
among t h e  12 a c c e s s i o n s  w e r e  i n c l u d e d .  T h u s ,  i n c l u d e s  
more g e n e t i c  i n f o r m a t i o n  t h a n  p r o t e i n  ( n u m e r i c  f o r m )  
d i s t a n c e .  T h i s  may be t h e  r e a s o n  t h a t  among t h e  t h r e e  
p r o t e i n  d i s t a n c e  e s t i m a t e s ,  DN s ho we d  b e t t e r  c o r r e l a t i o n  
w i t h  a l l  q u a n t i t a t i v e  e s t i m a t e s .
( 2 ) .  The f o u r  n a t u r a l  G. so . j a  p o p u l a t i o n s  a l o n g  t h e  K i t a k a m i  
r i v e r ,  J a p a n .
The E u c l i d e a n  d i s t a n c e  ( S n e a t h  and S o k a l ,  1 9 7 3 ;  W i s h a r t ,  
197 8 )  was used  t o  e s t i m a t e  d i s s i m i l a r i t i e s  among t h e s e  f o u r  
p o p u l a t i o n s  b a s e d  on t h e  f o l l o w i n g  d a t a  s e t s :
a .  P r o t e i n  d a t a  ( n u m e r i c  f o r m ,  a l l e l e  f r e q u e n c y  i n  T a b l e  
2 A )
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b .  P r o t e i n  d a t a  ( b i n a r y  f o r m ,  p r e s e n c e  = 1 ,  a b s e n c e  = 0 ,  
b a s e d  on T a b l e  2 4 )
c .  Q u a n t i t a t i v e  d a t a  ( T a b l e  38 )
T h r  d i s s i m i l a r i t y  c o e f f i c i e n t  m a t r i c s  o b t a i n e d  a r e  l i s t e d  i n  
A p p e n d i x  V I .  The p r o d u c t - m o m e n t  c o r r e l a t i o n  and  t h e  
S p e a r m a n ' s  r a n k  o r d e r  c o r r e l a t i o n  ( L i n d e m a n  £ t  al_. , 1 9 8 0 )  
w e r e  c a l c u l a t e d  among t h e s e  t h r e e  s e t s  o f  d i s s i m i l a r i t y  
c o e f f i c i e n t  m a t r i c e s  and  N e i ' s  g e n e t i c  d i s t a n c e  ( D ^ ,  T a b l e  
3 0 ) .  The r e s u l t s  a r e  l i s t e d  i n  T a b l e  4 1 .  T h e r e  was no 
d i f f e r e n c e  i n  t h e  r e s u l t s  c o m p u t e d  by t h e  t w o  c o r r e l a t i o n  
c o m p u t i n g  m e t h o d s .  A l l  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  
o b t a i n e d  w e r e  n o t  s t a t i s t i c a l l y  d i f f e r e n t  f r o m  z e r o .  The 
c o n c o r d a n c e  b e t w e e n  DN and q u a n t i t a t i v e  d i s t a n c e ,  a g a i n ,  
was h i g h e r  t h a n  b e t w e e n  p r o t e i n  ( n u m e r i c  f o r m )  and q u a n t i ­
t a t i v e  d i s t a n c e .  The c o r r e l a t i o n  c o e f f i c i e n t  o f  t h e  l a t t e r  
was n e g a t i v e  ( T a b l e  4 1 ) .  Among t h e  t h r e e  p r o t e i n  d i s t a n c e  
e s t i m a t e s ,  t h e  d i s t a n c e  b a s e d  on t h e  p r o t e i n  d a t a  i n  b i n a r y  
f o r m  showed t h e  h i g h e s t  c o n c o r d a n c e  w i t h  t h e  q u a n t i t a t i v e  
e s t i m a t e  ( T a b l e  4 1 ) .
B r own  ( 1 9 7 9 )  s u m m a r i z e d  d a t a  on p l a n t s  and c o n c l u d e d  
t h a t  i n b r e e d i n g  p l a n t  s p e c i e s  show more  i n t e n s e  m u l t i l o c u s  
a s s o c i a t i o n  t h a n  o u t b r e e d e r s .  P r i c e  e_t a_l. ( 1 9 8 4 )  c o m p a r e d  
t h e  e s t i m a t e s  o f  p o p u l a t i o n  d i f f e r e n t i a t i o n  b a s e d  on 
g e n o t y p e s  a t  enzyme l o c i  and m e a s u r e m e n t  c h a r a c t e r s  f o r  
t h r e e  p r e d o m i n a n t e l y  s e l f i n g  and one o u t c r o s s i n g  p l a n t  
s p e c i e s .  They  f o u n d  t h a t  a s s o c i a t i o n s  b e t w e e n  t h e  e s t i m a t e s  
w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  t h e  t h r e e  s e l f i n g ,  b u t  n o t
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Table 41.  The (A) product -moment  c o r r e l a t i o n  and (B) Spearman's rank 
o r de r  c o r r e l a t i o n  between p o p u l a t i o n  d i s t an c e  es t ima t es  by 
p r o t e i n  and q u a n t i t a t i v e  data o f  t he f o u r  n a t u r a l  G. so j a  
po p u l a t i o n s  a l ong the K i takami  r i v e r ,  Japan.
(A)
(1)  L a t i t u d e  (1)  (2)  (3)  (4)
(2)  Dn 0.529
(3)  P r o t e i n ( n u me r i c )  0 .253 0.791
(4)  P r o t e i n ( b i n a r y )  0.325 0.548 0.115
(5)  Q u a n t i t a t i v e  0.188 0.173 -0 .338  0.489
(B)
(1)  L a t i t u d e  (1)
(2)  Dn 0.486
(3)  P r o t e i n ( n um e r i c )  0.200
(4)  P r o t e i n ( b i n a r y )  0.207
(5)  Q u a n t i t a t i v e  0.371
(2)  (3)  (4)
0.771
0.414 0
0.257 -0 .314  0.414
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i n  o u t c r o s s i n g  s p e c i e s .  P r i c e  e_t a_l. ( 1 9 8 4 )  f u r t h e r  
s u g g e s t e d  t h a t  enzyme  m a r k e r  l o c i  may be u s e f u l  t o o l s  f o r  
i d e n t i f y i n g  d e s i r a b l e  c h a r a c t e r i s t i c s  i n  p r e d o m i n a n t l y  s e l f -  
f e r t i l i z i n g  p l a n t  s p e c i e s .  I n  g e n e r a l ,  t h e  c o n c o r d a n c e  o f  
p o p u l a t i o n  d i f f e r e n t i a t i o n  i n  G_. so . j a  m e a s u r e d  by q u a n t i ­
t a t i v e  and p r o t e i n  v a r i a t i o n s  i s  m o d e r a t e l y  l o w  i n  t h e  
p r e s e n t  s t u d y .  The i n f o r m a t i o n  c o l l e c t e d  f r o m  p h e n o l o g y ,  
a g r o n o m y  and m o r p h o l o g y  i n c l u d e  a l a r g e  numbe r  o f  m e a s u r e ­
m e n t s .  C o n s e q u e n t l y ,  t h e  q u a n t i t a t i v e  i n f o r m a t i o n  r e p r e s e n t s  
a b r o a d e r  s a m p l e  o f  g e n e t i c  v a r i a t i o n  t h a n  t h e  i n f o r m a t i o n  
c o l l e c t e d  f r o m  43 p r o t e i n  l o c i .  I n  o t h e r  w o r d s ,  q u a n t i t a t i v e  
m e a s u r e m e n t s  i n c l u d e  a b e t t e r  r e p r e s e n t a t i o n  o f  g e n e t i c  
i n f o r m a t i o n  ( g e n e  p o o l )  b e c a u s e  e a c h  o f  t h e  t r a i t s  may be 
c o n t r o l l e d  by many g e n e s .  W h i l e  t h e  t o t a l  p r o t e i n  l o c i  
e x a m i n e d  i s  o n l y  40 -  50 l o c i  w h i c h  i s  a s m a l l  s a m p l e  o f  t h e  
t o t a l  genome o f  Gi. so. j  a . I f  many more  l o c i  a r e  i n c l u d e d  i n  
t h e  e l e c t r o p h o r e t i c  s t u d y ,  t h e  c o n g r u e n c e  b e t w e e n  q u a n t i ­
t a t i v e  and t h e  p r o t e i n  d a t a  may be h i g h e r  t h a n  w h a t  was 
o b s e r v e d  i n  t h e  c u r r e n t  s t u d y .  I t  i s  r e m a r k a b l e  t h a t  t h e  
p o p u l a t i o n  d i s t a n c e  e s t i m a t e d  on t h e  b a s i s  o f  s u c h  a s m a l l  
numbe r  o f  p r o t e i n  l o c i  showed a s i g n i f i c a n t  c o r r e l a t i o n  w i t h  
t h e  d i s t a n c e  e s t i m a t e d  by t h e  q u a n t i t a t i v e  c h a r a c t e r s  
( p h e n o l o g i c a l  and a g r o n o m i c )  i n  t h e  12 s eed  a c c e s s i o n s  
( T A b l e  4 0 ) .  T h i s  s i g n i f i c a n t  c o r r e l a t i o n  may be m a i n l y  
a t t r i b u t a b l e  t o  t h e  p o r t i o n  o f  v a r i a t i o n  i n  b o t h  p r o t e i n  
and q u a n t i t a t i v e  c h a r a c t e r s  t h a t  a s s o c i a t e d  w i t h  l a t i t u d e .  
S i n c e  t h e  f i r s t  p r i n c i p a l  c o m p o n e n t s  (PCO 1)  o f  b o t h
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v a r i a t i o n s  s t r o n g l y  a s s o c i a t e d  w i t h  l a t i t u d e  ( F i g u r e s  18 and 
2 6 ) .  A g r a p h  o f  t h e s e  t w o  PC01 w h i c h  a c c o u n t  f o r  19 .5% and 
37 .2% o f  t h e  t o t a l  p r o t e i n  and  q u a n t i t a t i v e  v a r i a t i o n s ,  
r e s p e c t i v e l y ,  i s  p r e s e n t e d  i n  F i g u r e  30 .
The a d d i t i o n a l  e x p l a n a t i o n  f o r  t h e  g e n e r a l  l o w  c o n g r u ­
en ce  b e t w e e n  e s t i m a t e s  b a s e d  on p r o t e i n  and q u a n t i t a t i v e  
c h a r a c t e r s  i n  G. so . j a  p o p u l a t i o n s  may b e :
i .  None o r  weak a s s o c i a t i o n  b e t w e e n  t h e s e  t w o  s e t s  o f  
c h a r a c t e r s ,  e i t h e r  f u n c t i o n  a s s o c i a t i o n  o r  p o s i t i o n  
( c h r o m o s o m a l  l i n k a g e )  a s s o c i a t i o n ,  
i i .  P l a s t i c i t y  and e n v i r o n m e n t a l  v a r i a t i o n  o f  some o f  t h e  
q u a n t i t a t i v e  t r a i t s  w h i l e  t h e  p r o t e i n  c h a r a c t e r s  a r e  
q u a l i t a t i v e  and o f t e n  c l e a r c u t .  
i i i .  The m o s a i c  n a t u r e  o f  e v o l u t i o n  ( F u t u y m a ,  1 9 7 9 )  —  t h a t  
t h e  d i v e r g e n c e  w h i c h  has  o c c u r r e d  b e t w e e n  p o p u l a t i o n s  
i n  r e l a t i o n  t o  one s e t  o f  c h a r a c t e r s  ha s  n o t  e x t e n d e d  
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F i g u r e  3 0 .  A g r a p h  o f  t h e  12 G. so. ja  a c c e s s i o n s  on t h e  
f i r s t  p r i n c i p a l  c o m p o e n t s  (PCO 1) o f  p r o t e i n  
and q u a n t i t a t i v e  v a r i a t i o n .
V. CONCLUSIONS
The a m o u n t  o f  g e n e t i c  d i v e r s i t y  i n  f o u r  n a t u r a l  
p o p u l a t i o n s  o f  G. s o j a  (G,  S,  K and I )  a l o n g  t h e  K i t a k a m i  
r i v e r  s h o r e ,  J a p a n ,  i s  s i m i l a r  t o  t h e  a v e r a g e  t h a t  was f o u n d  
f o r  s e l f i n g  a n n u a l  p l a n t  s p e c i e s  ( H a m r i c k ,  1 9 7 9 ;  L o v e l e s s  
and H a m r i c k ,  1 9 8 4 ;  A y a l a  and K i g e r ,  1 9 8 0 ) .  Ba s ed  on 42 l o c i  
o f  15 enz y mes  and one  p r o t e i n  s y s t e m s ,  t h e  a v e r a g e  p o l y m o r ­
p h i s m  ( P )  o f  t h e s e  f o u r  p o p u l a t i o n s  i s  38% a t  t h e  99% 
p o l y m o r p h i s m  l e v e l .  The e x p e c t e d  h e t e r o z y g o s i t y  ( H e x p )  i s  
0 . 1 1 4 ,  and  t h e  a v e r a g e  num be r  o f  a l l e l e s  p e r  l o c u s  i s  1 . 5 5 .  
These  t h r e e  m e a s u r e m e n t s  a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  i n  
G. max ( G o r m a n ,  1 9 8 3 ) .  The p h y s i c a l  d i s t a n c e  f r o m  n o r t h  t o  
s o u t h  among'  t h e  f o u r  C;. s o j a  p o p u l a t i o n s  i s  a b o u t  120 kms.  
The r e s u l t s  i n d i c a t e  t h a t  t h e  g e n e t i c  d i v e r s i t y  o f  _G. s o j a  
w i t h i n  120 kms s m a l l  a r e a  i s  e q u a l  t o  t h a t  o f  G. max 
c o l l e c t e d  f r o m  a l a r g e  g e o g r a p h i c  a r e a  i n c l u d i n g  C h i n a ,  
R u s s i a ,  J a p a n ,  S o u t h  K o r e a  and T a i w a n .  When t h e  72 _G. s o j a  
a c c e s s i o n s  f r o m  S o u t h  K o r e a  and J a p a n  e x a m i n e d  i n  t h i s  s t u d y  
w e r e  p o o l e d  t o g e t h e r ,  s i g n i f i c a n t l y  h i g h e r  g e n e t i c  d i v e r s i t y  
was f o u n d  i n  G. s o j a  (P 6 7 . 4 % ,  Hexp 0 . 1 6 0 ,  n o .  a l l e l e s / l o c u s  
2 . 1 4 )  t h a n  i n  C). max (P 34%, Hexp 0 . 1 0 3 ,  No.  a 11 e 1 e s / 1 o c u s  
1 . 5 1 ) .  The c o m p a r i s o n s  show t h a t  G. s o j a  has  more  g e n e t i c  
d i v e r s i t y  and i s  a p r o m i s i n g  s o u r c e  o f  g e r m p l a s m  t o  b r o a d e n  
g e n e t i c  d i v e r s i t y  o f  c u l t i v a t e d  s o y b e a n s .
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The o b s e r v e d  h e t e r o z y g o s i t y  v a r i e d  g r e a t l y  among t h e  
f o u r  G. so . j a  n a t u r a l  p o p u l a t i o n s ,  r a n g i n g  f r o m  0 t o  A . 3%. 
E x c e p t  f o r  t h e  o b s e r v e d  h e t e r o z y g o s i t y ,  t h e  a m o u n t  o f  g e n e t i c  
d i v e r s i t y  was s i m i l a r  among t h e  f o u r  p o p u l a t i o n s .  When t h e  
f o u r  p o p u l a t i o n s  a r e  t r e a t e d  as f o u r  l o c a l  p o p u l a t i o n s  o f  
t h e  w h o l e  K i t a k a m i  r i v e r  p o p u l a t i o n ,  19 .8% ( G^ y  = 0 . 1 9 8 )  o f  
t h e  o b s e r v e d  t o t a l  g e n e t i c  v a r i a t i o n  o c c u r r e d  among t h e  f o u r  
l o c a l  p o p u l a t i o n s  w h e r e a s  81 . 2%  r e s i d e d  w i t h i n  l o c a l  
p o p u l a t i o n s .  The v a l u e  i n d i c a t e s  t h a t  t h e  f o u r  l o c a l
G. s o j a  p o p u l a t i o n s  a r e  w e l l  d i f f e r e n t i a t e d  i s o e n z y m a t i c a l l y . 
T h e i r  a v e r a g e  mean g e n e t i c  d i s t a n c e  DN i s  0 . 0 A A .  S i n c e  
G l y c i n e  s o j a  i s  p r e d o m i n a n t l y  s e l f i n g ,  l o w  gen e  f l o w  c o u l d  
be t h e  m a i n  c a u s e  f o r  t h e  o b s e r v e d  g e n e t i c  d i f f e r e n t i a t i o n ,  
b u t  e c o l o g i c a l  d i f f e r e n t i a t i o n  may a l s o  p l a y  a r o l e .
S e v e r a l  u n i q u e  a l l e l e s  w e r e  f o u n d  i n  G. s o j a  when 
c o m p a r e d  w i t h  G. m a x . T he s e  u n i q u e  a l l e l e s  c an  be u sed  f o r  
m a p p i n g  s o y b e a n  c h r o m o s o m e s .  F o r  i n s t a n c e ,  t h e  l i n k a g e  o f  
Pqd2 ( m o n o m o r p h i c  i n  G. m a x ) w i t h  Lap  1 , Ap and ILL was 
d e t e c t e d  t h r o u g h  G. s o j a  b e c a u s e  o f  t h e  p o l y m o r p h i s m  o f  
P q d 2 . f t p , T i , L a p l  and Pqd2 f o u r  l o c i  b e l o n g  t o  L i n k a g e  
G rou p  9 o f  s o y b e a n s .  The gene o r d e r  o f  t h e  f o u r  l o c i  i s  
A p - T i - L a p l - P q d 2 , and t h e  r e c o m b i n a t i o n  f r e q u e n c y  b e t w e e n  
A £ - l i  i s  9 . 41% + 1 . 0 7 % ,  A p - L a p l  22 . 65% ^  0 . 7 3 % ,  A p - Pqd2 
3 9 . 7 8%  + 0 . 9 8 % ,  T i - L a p l  17 . 96% + 1 . 3 3 % ,  T i - Pqd2 3 6 . 85 %  _+ 
1 . 3 9 % ,  and L a p l - Pqd2 2 0 . 6 2 %  _+ 0 . 9 9 % .  A n o t h e r  gene  p a i r ,  
P q i l - P q d l  was f o u n d  t o  be l i n k e d  w i t h  a r e c o m b i n a t i o n  
f r e q u e n c y  o f  15 . 34% +_ 0 . 7 4 % .
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A l t h o u g h  h i g h  g e n e t i c  p u r i t y  i n  e a c h  a c c e s s i o n  was o b s e r v e d  
i n  m o s t  o f  £ .  s o j a  s e e d  a c c e s s i o n s ,  t h e  g e n e t i c  v a r i a t i o n  
among a c c e s s i o n s  was s i g n i f i c a n t l y  d i f f e r e n t .  The h i g h  
g e n e t i c  p u r i t y  w i t h i n  a c c e s s i o n  may due t o  s a m p l i n g  e r r o r  
and t o  t h e  p r e d o m i n a n t l y  s e l f i n g  b r e e d i n g  s y s t e m  i n  G. so j  a . 
The f i r s t  p r i n c i p a l  c o m p o n e n t  w h i c h  a c c o u n t e s  f o r  19 .5% o f  
t h e  t o t a l  g e n e t i c  v a r i a t i o n  among 12 s eed  a c c e s s i o n s  was 
s i g n i f i c a n t l y  a s s o c i a t e d  w i t h  l a t i t u d e  ( r  = - 0 . 6 9 5 ) .
The 12 G. s o j a  s e e d  a c c e s s i o n s  w e r e  s i g n i f i c a n t l y  
d i f f e r e n t  i n  m o s t  o f  t h e  q u a n t i t a t i v e  c h a r a c t e r s  e x a m i n e d .  
Among t h e  p h e n o l o g i c a l  c h a r a c t e r s  s t u d i e d ,  t h e  d u r a t i o n s  
b e t w e e n  s e e d  g e r m i n a t i o n  and  f l o w e r i n g ,  and b e t w e e n  s eed  
g e r m i n a t i o n  and  l a s t  s e e d  m a t u r e d  w e r e  h i g h l y  c o r r e l a t e d  
w i t h  l a t i t u d i n a l  l o c a t i o n s  o f  t h e  s eed  a c c e s s i o n s .  The more  
n o r t h e r n  t h e  o r i g i n  o f  t h e  s e e d  a c c e s s i o n ,  t h e  e a r l i e r  t h e  
f i r s t  f l o w e r  a p p e a r e d ,  and t h e  s h o r t e r  t h e  l i f e  s pan  was .
The f i r s t  p r i n c i p a l  c o m p o n e n t  w h i c h  a c c o u n t e d  f o r  59 . 6% o f  
t h e  t o t a l  p h e n o l o g i c a l  v a r i a t i o n  among 12 a c c e s s i o n s  was 
h i g h l y  c o r r e l a t e d  w i t h  l a t i t u d e  ( r  = - 0 . 9 1 2 ) .
The f i r s t  p r i n c i p a l  c o m p o n e n t  w h i c h  a c c o u n t e d  f o r  43 . 1% 
o f  t h e  t o t a l  a g r o n o m i c  v a r i a t i o n  among t h e  12 a c c e s s i o n s  was 
a l s o  s i g n i f i c a n t l y  a s s o c i a t e d  w i t h  l a t i t u d e  ( r  = - 0 . 7 4 5 ) .  
T h i s  s i g n i f i c a n t  a s s o c i a t i o n  was m a i n l y  c o n t r i b u t e d  by t h e  
s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  l a t i t u d e  and y i e l d  p e r  p l a n t  
( r  = - 0 . 7 3 8 ) ,  and n u m b e r  o f  p o d s  p e r  p l a n t  ( r  = - 0 . 7 4 4 ) ,  and 
a v e r a g e  numbe r  o f  s e e d  p e r  pod  ( r  = 0 . 5 9 5 )  i n  1 9 8 2 ,  and 
h a r v e s t  i n d e x  ( r  = 0 . 6 9 5 )  and a v e r a g e  numbe r  oT s e e d s  p e r
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pod ( r  = 0 . 7 9 9 )  i n  t h e  1983  g r e e n h o u s e  e x p e r i m e n t .  None o f  
t h e  p r i n c i p a l  c o m p o n e n t s  o f  m o r p h o l o g i c a l  v a r i a t i o n  among 
t h e  12 s eed  a c c e s s i o n s  was s i g n i f i c a n t l y  a s s o c i a t e d  w i t h  
l a t i t u d e .  When t h r e e  s e t s  o f  m e a s u r e m e n t s  ( p h e n o l o g i c a l ,  
a g r o n o m i c  and m o r p h o l o g i c a l )  w e r e  p o o l e d  ( a s  q u a n t i t a t i v e )  
f o r  p r i n c i p a l  c o m p o n e n t  a n a l y s i s ,  t h e  f i r s t  p r i n c i p a l  
c o m p o n e n t  w h i c h  a c c o u n t e d  f o r  t h e  37 . 2%  o f  t h e  t o t a l  
q u a n t i t a t i v e  v a r i a t i o n  among 12 a c c e s s i o n s  was s t r o n g l y  
c o r r e l a t e d  w i t h  l a t i t u d e  ( r  = - 0 . 8 4 1 ) .
Some i n t e r e s t i n g  a s s o c i a t i o n s  among t h e  q u a n t i t a t i v e  
c h a r a c t e r s  w e r e  o b s e r v e d .  Among t h e  12 s eed  a c c e s s i o n s ,  
t h e  a v e r a g e  numbe r  o f  n o d u l e s  p e r  p l a n t  was p o s i t i v e l y  
c o r r e l a t e d  w i t h  t h e  p e r c e n t s  o f  3 - s e e d  p o d s  and 4 - s e e d  p o d s ,  
b u t  n e g a t i v e l y  c o r r e l a t e d  w i t h  p e r c e n t s  o f  2 - s e e d  p o d s  and 
1 - s e e d  p o d s .  T h i s  seems t o  s u g g e s t  t h a t  n i t r o g e n  i s  
i m p o r t a n t  f o r  i n c r e a s i n g  t h e  n u m be r  o f  s e e d s  p e r  pod i n  
IT. s o . j a . A n o t h e r  i n t e r e s t i n g  o b s e r v a t i o n  i s  t h e  p o s i t i v e  
c o r r e l a t i o n  b e t w e e n  t h e  f l o w e r  s i z e  and t h e  p e r c e n t s  o f  
3 - s e e d  p od s  and 4 - s e e d  p o d s ,  and t h e  n e g a t i v e  c o r r e l a t i o n  
b e t w e e n  f l o w e r  s i z e  and  t h e  p e r c e n t s  o f  2 - s e e d  p o d s  and 
1 - s e e d  p o d s .
Among t h e  t h r e e  c a l c u l a t i o n s  o f  p r o t e i n  d i s t a n c e ,  N e i ' s  
Dn had b e t t e r  c o n c o r d a n c e  w i t h  q u a n t i t a t i v e  d i s t a n c e  i n  
e s t i m a t i n g  t h e  d i s t a n c e  among t h e  12 s e ed  a c c e s s i o n s .  I n  
g e n e r a l ,  t h e  c o n g r u e n c e  b e t w e e n  q u a n t i t a t i v e  and p r o t e i n  
v a r i a t i o n  i n  e s t i m a t i n g  p o p u l a t i o n  d i f f e r e n t i a t i o n  i n  
IT. so . j a  was m o d e r a t e l y  l o w .  I n c l u d i n g  more  p r o t e i n  l o c i
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i n  t h e  s t u d y  o f  g e n e t i c  d i s t a n c e  i s  e x p e c t e d  t o  r e s u l t  i n  
b e t t e r  c o n c o r d a n c e  b e t w e e n  g e n e t i c  d i s t a n c e  and  q u a n t i t a t i v e  
d i s t a n c e .  The c o n c o r d a n c e  d e t e c t e d  i n  t h e  p r e s e n t  s t u d y  
among t h e  g e n e t i c  and  q u a n t i t a t i v e  d i s t a n c e s  o f  12 a c c e s s i o n s  
may be due t o  t h e  c o n t r i b u t i o n  o f  t h o s e  c h a r a c t e r s  w h i c h  
we r e  a s s o c i a t e d  w i t h  l a t i t u d e  o f  t h e  s e e d  a c c e s s i o n s .
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APPENDIX I
P l a n t  I n t r o d u c t i o n  ( P I )  num be r o f  G l y c i n e  so . j a  s eed  
a c c e s s i o n s  u s e d  i n  t h i s  s t u d y .
A c c e s s i o n  # P I  #
S o u t h  K o r e a n  a c c e s s i o n s
1 P I 4 0 7 . 1 6 0 (AV 3 0 8 0 )
2 PI 4 0 7 . 1 6 1 ( AV 3 0 8 1 )
3 PI 4 0 7 . 1 6 7 (AV 3 0 8 3 )
4 P I 4 0 7 . 1 6 8 (AV 3 0 8 4 ; K 2 c - 2 , 3 )
5 P I 407 . 172 ( AV 3 0 8 5 )
6 PI 4 0 7 . 1 7 4 - 1 7 7 (AV 3 0 8 6 ; K 4 - 2 )
7 P I 4 0 7 . 1 7 8 (AV 3 0 8 7 ; K 5 - 2  )
8 PI 4 0 7 .  1 7 9 - 1 8 0 ( K 6 —3)
9 PI 4 0 7 . 1 8 1 (AV 3 0 8 9 ; K 7 - 1 , 3 )
10 P I 4 0 7 . 1 8 4 (AV 3 1 1 0 ; K 2 9 - 1 , 2 )
11 PI 4 0 7 . 1 8 5 - 1 8 7 (AV 3 1 1 1 ; K 3 0 - 1 )
12 PI 4 0 7 . 1 9 2 ( K 9 )
13 PI 4 0 7 . 1 9 3 (AV 3 0 9 1 ; K 1 0 - 2 )
14 PI 4 0 7 . 1 9 4 (AV 3 0 9 2 )
15 PI 4 0 7 .  1 9 5 - 1 9 7 ( K12 - 2 )
16 P I 4 0 7 . 1 9 8 - 1 9 9 ( AV 3 0 9 4 )
17 PI 4 0 7 . 2 0 3 - 2 0 4 (AV 3 0 9 7 )
18 PI 4 0 7 . 2 0 5 ( K 1 7 - 1 )
19 PI 4 0 7 . 2 0 6 ( K 18 - 1 , 2 )
20 PI 4 0 7 . 2 0 8 ( AV 3 1 0 1 )
21 PI 4 0 7 . 2 1 1 - 2 1 3 ( AV 3 1 0 2 )
22 P I 407  . 2 1 4 - 2 1 5 ( AV 3 1 0 3 )
23 PI 4 0 7 . 2 1 6 ( AV 3 1 0 4 )
24 PI 4 0 7 . 2 1 7 ( AV 3 1 0 5 )
25 PI 4 0 7 . 2 1 9 - 2 2 0 ( AV 3 1 0 6 )
26 PI 4 0 7 . 2 2 1 ( AV 3 1 0 7 )
27 PI 4 0 7 . 2 2 2 (AV 3 1 0 8 )
28 P I 4 0 7 . 2 2 3 - 2 2 4 ( AV 3 1 0 9 ; K 2 8 )
29 PI 4 0 7 . 2 2 5 - 2 2 8 ( AV 3 1 2 8 )
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A c c e s s i o n  # P I  # ___
30 PI 4 0 7 . 2 3 2 (AV 3130
31 P I 4 0 7 . 2 3 3 - 2 3 5 (AV 3133
32 PI 4 0 7 . 2 3 6 - 2 3 7 ( K 5 3 - 1 , 3
33 P I 4 0 7 . 2 4 2 - 2 4 4 ( K 3 6 - 2 )
34 P I 4 0 7 . 2 4 9 (AV 3120
35 PI 4 0 7 . 2 5 2 - 2 5 3 (AV 3112
36 P I 4 0 7 . 2 5 4 - 2 5 5 (AV 3113
37 P I 4 0 7 . 2 5 6 - 2 5 7 (AV 3114
38 P I 4 0 7 . 2 6 0 (AV 3122
39 PI 4 0 7 . 2 6 1 (AV 3123
40 PI 4 0 7 . 2 6 2 - 2 6 4 (AV 3124
41 PI 4 0 7 . 2 6 5 (AV 3125
42 PI 4 0 7 . 2 6 6 - 2 6 8 (AV 3126
43 PI 4 0 7 . 2 6 9 - 2 7 0 ( K 4 5 - 1 )
44 PI 4 0 7 . 2 7 1 ( K 4 9 - 2 )
45 PI 4 0 7 . 2 7 4 (AV 3132
46 PI 4 0 7 . 2 7 8 (AV 3136
47 PI 4 2 4 . 0 1 6 ( 7 4 0 1 4 )
48 P I 4 2 4 . 0 1 9 ( 7 4 0 1 7 )
49 ( 7 4 0 2 8 )
50 PI 4 2 4 . 0 3 1 ( 7 4 0 3 4 )
51 PI 4 2 4 . 0 3 2 ( 74035  )
52 PI 4 2 4 . 0 3 5 ( 7 4 0 3 8 )
53 ( 7 4 0 4 1 )
54 PI 4 2 4 . 0 4 5 ( 7 4 0 6 0 )
55 PI 424  . 047 ( 7 4 0 6 2 )
56 PI 4 2 4 . 0 4 8 ( 7 4 0 6 3 )
57 PI 4 2 4 . 0 5 3 ( 7 4 0 6 8 )
58 ( 7 5 0 0 2 )
59 ( 7 5 0 4 2 )
60 ( 9 0 5 5 )
61 ( 9 0 5 6 )
K 5 2 )
K 3 1 - 1 , 2 , 3 )
K 4 0 )
K42 )
K 4 4 - 3 )
K 102 )
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A c c e s s i o n  # P I  #________
62 ( 9 0 5 7 )
63 ( 9 0 5 8 )
J a p a n e s e  a c c e s s i o n s
1 PI 4 8 6 . 2 2 0 ( M i s i m a )
2 PI 4 8 7 . 4 2 8 ( E 4 )
3 P I 4 8 7 . 4 2 9 ( K 1 0 1 )
4 PI 487  . 4 3 0 ( K 109 )
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APPENDIX I I  
Gel types  and s t a in in g  methods o f  p ro te in s
The s ta in in g  s o lu t io n  l i s t e d  below i s  based on 50 ml per one s l i c e  g e l .
Enzyme G el* S ta in in g  s o lu t io n  and method
ACO 5 B u f f e r ( l ) * *  + 15 mg N ico t ina m ide  adenine d in u c le o t id e
phosphate (NADP) + 10 mg MgCl2 + 8 ml 10% c is - a c o n ic  
a c id  (pH 7 .0)  + 15 mg 3 - ( 4 ,5 - d im e th y l t h ia z o - 2 y l ) - 2 , 5 -  
d ip h e n y l t e t r a z o l iu m  bromide (MTT) + 1 mg Phenazine 
m e th o s u lfa te  (PMS), 37 °C da rk ,  3 h rs .
ADH 3+NAD 0.05M sodium phosphate b u f f e r  (pH 5 .0 )  + 30 mg
(15 mg) N ico t in a m id e  adenine d in u c le o t id e  (NAD) + 15 mg 
MTT + 2 mg PMS + 10 ml 95% e th a n o l,  room tem p., 
d a rk ,  3 h rs .
AM 1 0.2M a c e ta te  b u f f e r  (pH 5 .0)  + 1% p o ta to  s ta rc h ,
in cuba ted  a t  room temp, f o r  15 -  30 m in . ,  then r in s e d  
w i th  d i s t i l l e d  water and s ta in e d  w i th  10 ml o f  0.1% 
io d in e  in  0.5% KI s o lu t io n .
AP 3 o r  4 0.2M a c e ta te  b u f f e r  (pH 5 .0)  + 40 mg N a -a lpha -na ph thy l
a c id  phosphate + 40 mg b la c k  K s a l t ,  room tem p., 1 h r .
DIA 3 B u f f e r ( l )  + 1 mg 2 ,6 -d ic h lo ro p h e n o l  in d o lp h e n o l + 20
mg n ic o t in a m id e  adenine d in u c le o t id e  reduced form 
(NADH) + 10 mg MTT, 37 °C, da rk ,  1 h r .
ENP 3 0.1M T r is -O . IM  M a le ic  a c id  b u f f e r  (pH 5 .5)  + 20 mg
b la c k  K s a l t  + 10 mg MqCl2 + 20 mg N -a lp h a -b e n z o y l-  
D L -a rg in in e -b e ta -n a p h th y l  amide (HC1), 37 °C, dark ,
1 h r .
GOT 3 0.1M T r is (H C l)  b u f f e r  (pH 8 . 0 )  + 25 mg p y r id o x a l - 5 ' -
phosphate + 112 mg fa s t  b lue  BB s a l t  + 272 mg L - a s p a r t ic  
ac id  + 36 mg K e to - g lu ta r i c  a c id ,  37 °C, da rk ,  l h r .
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APPENDIX II (continued)
Enzyme Gel S ta in in g  s o lu t io n  and method
IDH 3 B u f f e r ( l )  + 200 mg D L - i s o c i t r i c  a c id  + 10 mg NADP + 10
mg MTT + 20 mg MgCl2 + 1 mg PMS, 37°C, da rk , 3 h rs .
LAP 3 0.025M T r i s  m aleate b u f f e r  (pH 5 .2)  + 10 mg L - le u c in e -  -
n a p h th y l amide (HC1), incuba ted  1 h r ,  37 °C, da rk ,  then 
s ta in e d  w i th  25 mg b la c k  K s a l t  in  the  same b u f f e r .
MDH 3 0.05M L -m a l ic  a c id  in  0.026M T r is  (NaOH) b u f f e r  (pH 7 .0)
+ 15 mg MTT + 30 mg NAD + 2 mg PMS, 37 °C, da rk ,  1 h r .
MPI 3 B u f f e r ( l )  + 20 mg mannose-6-phosphate + 10 mg MTT + 15
mg. NAD + 1 mg PMS + 50 u n i t s  NAD a c t iv e  g lu c o s e -6 -  
phosphate dehydrogenase + 50 u n i t s  phosphoglucose 
isomerase, 37 °C, da rk ,  l h r .
PGD 4 B u f f e r ( l )  + 15 mg 6-phosphogluconate + 10 mg MTT + 10 mg
NADP + 20 mg MgCl2 + 1 mg PMS, 37 °C, da rk ,  1 h r .
PGI 3 B u f f e r ( l )  + 10 mg NAD + 10 mg MTT + 20 mg MgCl2 + 80 mg
fru c to s e -6 -p h o s p h a te  (barium  s a l t  anhydrous) + 50 u n i t s  
NAD a c t iv e  g lucose-6-phosphate  dehydrogenase, 37 °C, 
da rk ,  1 h r .
PGM 3 B u f f e r ( l )  + 15 mg NAD + 10 mg MTT + 100 mg MgCl2 + 1 mg
PMS + 100 mg D -g lu co se - l-p h o sp h a te  + 50 u n i t s  NAD a c t iv e  
g lucose-6 -phospha te  dehydrogenase, 37 °C, da rk ,  2hrs .
SDH 3 o r  4 B u f f e r ( l )  + 15 mg MTT + 15 mg NADP + 2 mg PMS + 15 mg
S h ik im ic  a c id ,  37 °C, da rk ,  3 h rs .
TI 2 S ta ined  w i th  0.7% in  10% a c e t ic  a c id  1-2 m in . ,  then
incuba ted  w i th  7% a c e t ic  a c id ,  room tem p., over n ig h t .
G e l t y p e :  1 = 7 %  a c r y l a m i d e  g e l ;  2 = 9 %  a c r y l a m i d e  g e l ;
3 = 7 %  a c r y l a m i d e  + 2% s t a r c h  g e l ;  4 = 6 %  a c r y l a m i d e  +
4% s t a r c h  g e l ;  5 = 12 .5% s t a r c h  g e l .
* *  0 . 2M T r i s  b u f f e r  (pH 8 . 0 )
173
APPENDIX I I I
The a l l e l e  frequency o f  G lyc ine  soja seed accessions. (The PI number fo r  
each accession i s  l i s t e d  in  the APPENDIX I .)
Korean Accession #





















































































































































































































































































D ia l -a












































































































































































































o  o o CD o o
CD CD CD CD o  o o  o
«~H ■ “ i r—4 • 1
o o  o o  o
o o o o
O O O O O O o  o o  o
'—1 i—H 1--1 «—H
o o o o o o o o o
O O O o  o O O O o  o o  o o  o O O O o  o• • • • • • • •
r—1 1-- 1 1—1 <—1 1---1 »“H •--1 •--1
ON
o  o o  o  
m  m
o  o
o  o  in m
o  o
o  o  m m
o  o
o o CD o o o o o o o o o
0 0 0 O O O o  o O  la A A A o  o o  o O  A A o  o• • • • • • • • • • • •
■—I ^H r—1 o o o o r—4 o o •—H
CO
o  o m  vo m  n-
o  o  o  o  o
A o o o  o o o o o
VO O o  o O O O A  A o  o o  o O O O o  o• • • • • • • • •
o >—H 1 o  o 1---1 > ' ■ 1 •—H ■—H
o  a m  m  o
o  o  —I
o
o  o
CM o  o o o o o o
o  o ■—' On o O  O O O O o  o o  o o  o
o o  o «— 1 <— t '----1 1 <— 1
o  o
VO
o  o o o o  o o  o












CD CD CD CD CD CD CD CD CD CD CD C l C~) (~ ) CD
O O  O O O  O O O  O O  O O  O O O O  O O O O  O O O  O O  O O O  O O  O O  O O  O O O  O O
o o o o o o
o O O O O O O o  o o  o o  o
i—H '---1 ■—i '—1 r—H I" ■ {
CO CM CM 00











o o O O o o
r—1 •—! H
o o o
o o o O O  o• • •
r—I >—I




1<r i 1<—1 1<-1_C X I X I sz Q . CL
DJ TD TD -a CO COl~H i—I i—i i—i o _ J
o o o o o o o
CD O O O O o  o o  o o  o O O O o  o
i——| H r—H 1—I •--1 r—|
o CM CO A o
o  o ON o 1—1 CO o  o
1---1 o o o o 1—1
o o o o o vo vo o
o  o O O O o  o o  o 0N o o ON o o  o• • • • • • • • •
r—H ' 1 I • ■ ■ 1 —1 o o o o •—1
o CD o o o o o
o  o O O O o  o o  o o  o O O O o  o
•---1 1—1 <—H ■---1 r——\ •--1 1—?
o o o o o o o o o oO O O O O O O o o o o  o o o o o  o o  o o  o o o o o  o











031 SD1 CD1 XD1 03• XD■ CD■ XD■ CD XD O
m A '—1 1r—H ■—1 CM CM iA iA i<—I i«—I CM CM 1CM 03 XD
X3 TD •rH •pH •H •H •H •rH S E E E E 1 1
c ri CD CJ CD) CJ CJ a cn CJ CJ O ) a c ri cn •H •rH

























o o CD CD o CD o
CN O o o o CD o o o o o CD CD o o o o CD
CN • • ■ • •
f-- i f—1 —1 ■ 1 >-4 i—4
o o o o o o o<—4 o o CD o CD o o o o CD CD o o o o CD o
CN • • • • • •
f-- I 1—1 --1 r-4 >—4 -- i
o o o o CD a CD
O o o o o o o o CD a CD CD CD CD o o o o
CN • • • • • •
■--1 1—1 f—1 f--1 —f •—4 i—4
o o o CD o o CD o CD
ON o o in o in o in m o o o o o o o o oc—H • • • • • • • ■
'- I o CD CD o •—! >-4 —4 —1
CD o CD o o CD o
00 o o o o o o CD o o o o o CD o o CD of——1 • • • • ■
■--1 1--1 f—4 4 —1 t—4 f—4
o o o CD o a on* o o o o CD o CD o CD o o CD o o o o o• i • • • • • • •
■--1 *—4 ■—1 f--1 1—4 --1 —1
o a o o CD o oMD o o o o o o o CD o o CD o o o o o CD•—i • • • • •
f ■■ f *—4 f—1 H r—4 1—1 1--1
o o CD o o o o CDm o o o CD o o o o CD o CD CD CD m LA o CD
i~ i • ■ • • • • ■
1--1 <—H <—1 i-H >—4 CD o >—4
o o o o CD o CD
o o o CD o o o o CD o o o o o o o CDi—i • • • • • •
f—1 1—1 f--1 r-4 >—4 ■—1 f--1
o o o CD o CD o
m o o CD o o o o o CD o o o o o o o Of—4 • > • • •
f—1 f--1 f—4 i-4 <-4 <—4 <-4
o CD o o o CD CD CD
CN o o m o m o CD CD o CD CD o CD o o o CDi—i • • • • • •
f—4 o o i—4 f—1 •—4 r—4 —4
(X1 _Q1 x1 _o1 at TD x1 JD■ X1 JD1 CJ X JD






m <-4 .—1 m m
o o o o o o o o o o o o o JZ JD JZ JZ
a CJ o a u a CJ u CJ CJ CJ CJ CJ "O TD TD TD
cX eX CX ex a; cX CX c t ex ex ex cn ex d X ex X
CD m in m o o O O O
o CD CN CD O VO m o O CD O o CD O CD o CD CD O CD CD• • • • • • • • • •
'  i CD CD O CD —1 r—4 f—4 f—t
CD O o CD O o CD □ CD o
o CD O O CD o m in o O O O in in o O o O CD O CD O
• • • • • • • ■ • •
•—I —i o CD i—i o CD r-4 r—f f—4
CD o m CD r - m o o o
o O CD O O CD CO r-4 o O CD O f—4 CO o CD o o O CD o O
• • • • • • • • • •
*-4 r-4 CD CD r-4 o o r—H 1— •—4
CD o o O CD O o o CD CD CD
m in m CD m O m m CD o O CD o o CD a o CD CD O CD CD
• • • • • • • • • • •
o o CD CD o CD r-4 r-4 r-4 f—4 f—4
CD m in o CD m n - o o o
o O CD o 0 \ CD o CD O O O CD r-4 CO CD CD CD o CD CD o O
• • • • • • • • • •
r-4 o o r-4 >—4 O o r-4 f—4 f—4
m r-* m o O o CD CD o
m vo m o vo O CD CD O o O O o o O CD O o CD O o CD
• • • • • • • • • •
o o o CD r-4 <—4 f—4 1—I f—4 r-4
CD O o o CD O o CD
o CD o o O CD o O CD o O o O o CD o CD CD O O CD O
• • • • • • • •
>—4 ■—i r-4 r-4 f—4 f—4 r-4 r-4
o o o o o o o CD
o o o o o CD CD O CD o O o o o CD o O o CD CD O O• • • • • • • •
r—4 <—4 i—4 - -1 r-4 f—4 f—4 f—l
o o CD o o CD CD CD
o o o o CD O CD O O CD O CD o CD CD CD o O CD O CD CD• • • • • • r •
•-4 >—4 ■—i r-4 r—4 i—4 r-4
o AJ CO CN CO CD O o CD O
o o ON o O O ON CD CD CD O o o O o o o CD CD CD CD CD
• • • • • • • • • •
•—4 o o CD o r-4 r-4 r-4 r-4 r—H
o o o o o CD CD o
CD CD o o o O CD o CD o O o o O CD o o CD CD CD o CD• • • • • • • •
<—I >—! *—4 >—4 r-4 r-4 r-4 f—4
X JD X XD X JD X JD
if) <4- 1 1 1 1 1 1 1 1 X JD CJ X JD U\ 1 X JD o TD r-4 r-4 CN AJ AJ m m KN 1 1 1 1 1 1
m m 1 1 1 1 X ra X CD CD X X CD X X CL CL a . 4-> 4-> 44
E E Q. CL CL CL •H •H •r4 •H •H •rH •rH •H •rH c C c O O O























o o O o o o O OCSI o o o O O O O O o O o o O o CD o o O O O O CD CDCM • • • • • »
I ■ 1 r~ l <—H 1—1 1---1 —I
o o o o o o o o o■—1 o o o O o CD o o o o in LA O o CD a o o O O CD CD CDCM • • • • • • • • •
<—i i—1 1 1 - --1 o o ■—1 r-H «—
o o o o r ^ rA o o CD
O o o o O CD CD o o o o CO O CD CD o CD o O O CD CD CD
CM • • ■ • • •
■—1 ----1 «—H •—H o o <—1 ■ 1 r—1
o o o o CD O o o o
ON o o o o CD O o o o o o O LA LA O o O CD O CD o CD Or—1 • • • • • • • •
•—J •—H • 1 —1 o o r-H *—1
A a m r ^ a o < r VO VO CDCO o Ox 00 f—| O CD Ox o CO p-h o o o 00 - --1 o O OX CD CD CD CD CD< 4 • a • • • • a • • • • • •
o o o o CD o o o r-H o o o o •—i
o o o o o r - KX o o
o o o o O CD o o o o o o vo o IA o o o CD O o O CDr—1 • • • • • • •
•—t i—H <—H ---1 ’---1 o O r-H ---1
o o o o o CD CM CO o
VO o o o o O O o o o o o o o O o o OX O CD CD CD o CDp • • • • • • « • •
'—1 r—H 1 4 <—H 1— r—H o o «—H
o o o o o O o oA o o o CD O CD o o o o o CD o o o o o o CD CD o o CD■—1 • • • • •
•—I I —4 —1 H r—I ---1
o CD o o CD o CO CM o
o o O O O CD o o o o o CD o o o CD CD 0V CD CD o o O<—1 • • • • • •
r—1 ■---1 i—H 1—1 1 CD o
o o o o Ox CM 00 O o o CDA o o o CD O CD CD o o o 00 —H o OX CD o in in CD CD in LA oi—H • • • • • • • • • • • a
r—H r—H r—H «—H o o o o o o CD CD
o o o o O o CD CD o O OCM o o o O CD CD o o o o in LA o o LA in o o CD CD LA LA CDr-H • • * • • • • • S a
»—H <—1 1—4 >—1 o O CD o 1---1 CD CD
(0 JZ CO -Q CD CO JD o CO JD CO JD CO JD U CO JD O
1 I 1 1 1 1 1 1 1 1 1 1 CO JD CJ TD 1 1 1 1 1'—1 •—H CM CM CM m A A < r I—1 «—J 1 1 1 1 1—1 f—( ■—) •—I CM CM CMJZ n JZ JZ JZ JZ JD JZ JZ sz CL Q . •H •rH •H •rH TD TD TD TD TD TD TD
JD TD JD TD TD TD TD JD JD TD CO CO Q . Q. Q . a . CT CJl cn CJ a CJ CJi—i (—1 *—4 t—1 I—H i—I i—4 4—4 i—l f—t _J S s : CL CL Q_ CL Q_ CL CL
CD CD O o CD CD O
O  O O CD o O o o CD O  O CD CD o CD CD• • • a a a a
•—i r—H ■—1 •—1 > I r—I •—1
CD CD o o o CD o
O  O o CD CD CD o o o O  CD CD CD CD CD CD• • • a a a a
«“ H ■ i i—H ^-1 >---1 i---1
CD CD CD CD o CD o
O  CD CD CD O O o o O CD CD O CD CD O  CD
r—1 r—| r '■ < <—i ■—i '—I •—l
O o CD CD CD o O O o
CD O CD LA in LA in CD o CD CD CD CD CD o  o• • • • • a a a a
I CD CD CD CD ■---1 ' —! i—t •---1
o CD CD o o o CD
CD CD CD CD CD CD CD CD CD O  CD O o CD CD O
- -1 •—l i—H i—l •—i 1---1 i—H
CD O O o CD KX CD
CD CD CD a O o CD O CD CD CD CD vo KX O  CD
■—I i ■ H ■---1 -H o CD ■—i
O O O CD O o CD
CD CD CD O O o O CD CD o O o o O CD CD• • • a a a a
'—4 r—t ■ H i---1 i—1 —H
o O o O o o o
O o O CD O o o CD O o O o CD O o CD
«—1 i—H r-H r—H >—4 r—t ■ 4
CD o o CD o O o
O O CD o o O o CD CD o O o o O CD CD
• • • • a a a
•—i ‘—1 i—H >-“H —4 • 1 •---1
o o o o o CD O
CD o CD o o o o O o o o o O o O O
1—1 <—4 ---1 r—t —1 >—i >—1
o o o o CD o CD
O o O CD □ o o o o O o o o o CD CD
1—I i—l 1---1 ■---1 r—4 <—1 i—f






















TD TD •rH •rH •rH ••H •rH ••H •rH E E E E E 1 1
CJ CJ C7 cn a a CJ CT CJ CT cn c r CT CT •rH •r—4
CL CL CL Q_ CL CL a CL CL 0 . CL CL CL CL f—
CO CO CO m m m o O CL a
o o o 3 3 3 W* H * H *
r t - r t- r i" TO TO TO 03 03 03 03
1 1 1 1 1 1 4> 04 04
O CJ 03 O CT 03 1 1 1
CT 03 c r
1—• I—• I—1
• • • •
O o O CD O O O O CD o
o o CD o
f— h— 1—•
O b O CD o CD O CD CD o
o o CD o
h—• 1—1 I—• i—'
O o o CD CO O O O CD b
o o o o
h—1 i—■
O o o CD b O O o CD b
o o o CD
1—• t— 1— J—
• • • •
O o o CD o O O o CD o
o o CD o
t— H-* i— t—'
• • • •
O o o CD o O O o CD o
o o o o
h-* h—• 1—■ t—1
• • • •
O o o CD o O O o CD o
o o o o
1—• I— (—' t—
• • • •
O o o CD o o o o CD o
o o CD o
t—1 1—’ 1—
• • •
O o o CD o o o O CD o
o o O
1—1 o o 1— 1—‘
O o o CD VJi U1 CD CD CD o
o o o O o
1—' (— l—» I—'
o o o CD o CO CD O CD o
o o o o
o CL O o CO CD 1^H * H * H * H ’ W* TO TD TD TO
03 03 03 03 03 03 1 1 1








h - o o CD O
o CD o O 00 1—• O CD 03
o ro 00
h -' 1— o o
o o CD O o o CD CD CD 1—
CD o 04 -o
i—• o o I—
o CD o o o vo CD o CD o
o co ro CD
1—1 i—
CD CD o CD o o CD O CD CD
CD o o
l— 1—1 h -
• • •
CD CD CD o o o O o CD CD
o o o
1—1 CD o o CD
CD CD CD o O i U i 03 o CD 03
o O CD o CD
i— h -•
CD CD CD o o CD o o CD CD
O CD o
t—' h-- h—
CD CD CD o CD o o o CD CD
o a o
1— I— i— i—-
• • • •
O CD CD o CD CD o o CD CD
o o CD O
CD o \— o CD
o CD Vn U1 CD O o 03 CD 03
O o o CD CD
t—1 t— t—1



























03 03 DP DP DP 3= 3= DP Dp DP DP D=> Dp DP
CL CL Cl CL O (D O n n n O O O O n n O
3" U ZT CT O O O o o o O O O O O O O
04 04 l— ■ h- 031
03











1— J— • f— ' l—1 H H• • • • • • «
CD o CD CD CD CD o o o CD CD o CD o o o Oo CD O o CD CD o
h—' I—1 h- 1—’ I— 1—’• • • • • • •
CD o CD o CD o o o o CD o CD CD o CD o Oo o o o o CD o
1— I—’ i—■ 1— 1— (— 1—1• • ■ • • • •
CD o CD o CD o o o CD CD CD CD CD o CD o Oo o o o CD O CD
f— 1 1— 1—' 1— i—■ (—■ i—•
CD CD CD o CD o o CD CD CD o CD o CD CD o CD
CD o o CD CD CD CD
i— 1—■ t—■ 1— I—1 1—1 i—• • • » • • •
CD o CD o CD o o o CD CD o CD CD CD CD o CDo o o o CD CD o
h—' 1—’ I—1 o o I— 1 CD CD 1—-
• • • . • • • • •
CD CD CD o CD CD U i 03 CD CD CD 03 03 CD CD o CD
CD o CD o o CD CD CD o
»— 1— 1— H— i— t—" 1—>
• • • • • •
CD CD CD o CD o o o CD CD O CO CD CD CD o CD
O o CD o o CD CD
i— h— i— 1— i—1 1—
CD CD CD o CD b o o CD CD o CD O CD CD CD CD
CD o o o CD CD CD
h-1 h - I— 1 i— * i—* I— 1
• • • • • • «
CD CD CD CD CD o o o CD CD o O O CD CD O CD
O CD CD o CD CD CD
l— 1— h-* I—* j—- i—1
• • • ■ • •
CD CD CD O CD o o CD CD CD CD O CD CD CD o CD
CD o o CD CD O CD
1— ►— l— * h— 1
• • • • • •
CD CD CD o CD CD o CD CD CD CD O O CD CD CD CD














DP “0 ~0 x  m o 2 : n o
CD h-»
o> X



























































O O 0 O 0
O  O O O O 0 0 0 O  O 0  0
• • • • •
























































• • • • • • • • • •
• 1 r—H O 0 1 0 0 «—1
O















• • • • • • • •


















1—t • 1 •—H H <-H >---1 '—1 r—1
0















<—1 1—\ •—1 •—H •—1 1—1 ■—1 1---1
o  o o o  o 0 0  o
0 0  0 0 0  0 0 0  0 0  0 0  o  la la o  0 0 0 0  0 0 0  0 0  0 0 0  0 0  0 0  0 0  o m m  0 0
o  o
0 O 0 0 0 0
0 O O O 0 0 0 0  0 0  0 0  0
• • • • • •
>—H •—I 1—1 •—H t ■ I
0 0 O O 0 0 0
0 0 0 0 0 0 O  O O O O 0  0 0  0 0
• • • • • • •
'---1 r | <—1 1—I •—1 ■—1 .—1
o  o  
o
0 0 0 O O O0 0 0 0 0 0 0 O  O O  O O  O
•— i •—H i—1 r-H •--1 '--1
O 0 O 0 O 0 0
O 0 0 0 O  O 0  0 O  O 0 0 0 0  0
(—H i—1 1—1 1—1 1—1 1—H
_  o  O O O  O O  O O O O  O O O  O O
O O  O O O  O O O  O O  O O  O O O O  O O O O  O O O  O O  O O O  O O  O O  O O  O O O  O O
<T
CM
O 0 rA r^ 0 0 0O 0 0 0 0  co ■—1 0  O O  O 0  0• • • ■ • • •«—H i-H O O 1—-1 <—H 1—1
O O 0 0 0 0 0O O O O 0  0 0  0 O 0 0 0 0 0  0
« • • • • • •
1—I *-H 1---1 1—1 • 1 1—1 •—}
rA
CM
o  o co CM 0 0 0
LA 0  0 0  0 0  0• • ■ • •















•— 1 i— l ■— 1 <—H •— 1 >-—■1 1— 1
CO
1 JD1 CO1 JD■ a COI OI a» CO JD
<— 1
1









_ c JZ JZ JZ JZ _ c JZ JZ JZ _c
TD TD TD TD TD T 3 TD TD TD TD











<—I •—H 1 1 1 1 1—H »-H r-H 1—H
CL a . •H •rH •rH •rH TD TD TD TD
CO CO Q. a CL CL CJ cn cn cn
_J ST 5 : Q_ CL CL CL









1—H r—l CM CM
TD TD TD TD TD •H •H •H •rH •rH
CJ cn cn CJ cn cn CJ] cn CJ cn
CL CL CL CL CL CL CL CL CL CL







<—H CM CM CM CO JD
•rH •rH E E E E 1 1
a CJ O CT) CJ CJ CJ •H •rH
CL CL CL Q_ CL CL CL 1— 1—
C l CD C l m m m o □ Q_ CD □ CL o CD CD o 3= 33 LS3 T=> 03 33 03 D=> ID T=> ID ID> ID> IC> D=> ID> ID>o O o id D ZD H - t—'• H« H* H - H - H* H* H* n n TD TD 3 3 CL CL CL CL O O O O n CD CD CD CD (1 CD O
r t - c l" rt- TD TD TD CD CD 03 03 CD CD CD 03 03 03 i 1 1 1 V>J V^J i r c r u U O O O O o O O O O o O O1 1 1 1 1 \ J> 4> U l UJ U l M N3 N) h - CL o CJ CD 1 1 V>! H h - U l U i 4> £> -o UJ U4 ND ND ND ND h -n a * 0) O CJ 03 1 1 1 1 1 \ 1 1 —t) C/3 1 1 1 1 i 1 1 I 1 1 1 1
c r CD CJ CD c r 03 CJ 03 CJ 03 O CJ 03 CJ 03 CL CD c r 03 c r
H- H h - 1—1 l—1 H I—• h— !—1 i—1 1—1 h-* i—•• • • • • • • • • • « • ,
o o o o o o o o O o o o o CD O CD O CD o O o CD O CD o o CD CD o CD CD CD o O CD CD CD oo o o o o CD CD o CD o O O CD CD o
i— 1—' 1—1 o o i—1 1—1 o O o CD t—■* I— h—’ i—• CD CD 1—• • • • • • • • • • « • • • • , i ,
o o o o CD CD o o O o o U i cn CD o O O CD o o Cn cn Cn U l o o O CD o o O CD o U i U l CD O oo O o o o CD o CD CD CD O O o O o CD o o CD
1—• I—■ 1—- 1—’ 1—• h— i—• t—1 t—' i—1 i—■ i—■ 1—’ i—1
o o o o O o o o O CD o o CD CD o CD O CD CD o CD CD O a o o O o o o CD CD O o CD CD CD oO o o O o o CD CD o o CD o CD CD CO
1—1 1—• I—* 1—1 i—• i—■ i—' 1—' h - 1—' I—1 I—1 1—1• • • • • • • • • • • « s .
o o o CD o O o o o o o o CD CD o CD o CD o CD CD CD O o CD o CD CD CD o O CD o o O CD CD CDo o o o CD o o CD CD o CD o o o O
h - CD o 1—• 1—1 o CD o O i—■ h - h— 1— t—1 1—• i—*• • • • • • • • • • • • • • • #
o o o O U l o \ o o o o o o CD CD CD VO o CD CD vo CD CD O o CD CD CD CD CD o CD CD o o CD CD o oo U l CD CD o K) 00 1— VO O o o CD o o CD o
1—1 1—’ 1— h— 1—’ h—1 CD O i—- t—' 1— H-* I—1 I—• f—* 1—1• f • • • • • • • • • • • • s ,
o O o O a CD o o o CD o o o CD o o o 1—1 03 CD O CD O CD CD CD CD o o o CD CD o CD o CD CD oO O o CD o o -D UJ CD CD O o CD CD o o
I—* o O 1—1 1— i—• 1—1 O O CD O i—• 1—1 i— h— i—■ o CD 1—‘• • • • • • • • • • • • • • • « #
o o o CD U l U l o o CD O o o CD CD o CD o Cn o cn cn cn O CD CD O CD CD CD o o O CD CD U l CD U i oo o o o o CD CD CD CD CD CD CD CD O CD CD o CD o
I—1 1—1 1—1 1—’ h—* i—1 j—* t—1 i—1 H-* I—1 1—' I—■ \—> 1—’• • • • • • • • • • • • • «
o o o O o o o CD CD O o o o O o o o O o CD o CD O O CD CD CD CD CD o O O o CD o CD CD oCD o CD CD CD o CD O o CD CD CD o o o
i—■ i—1 i—1 J— o o i—• O CD i—1 h— t—- 1—1 h— h -• • • • • • • • • • • » • « • .
o o o CD o o o CD CD o o o o O VJi VJi o O o CD Cn cn O CD CD CD CD CD CD o CD CD o CD o CD CD oo o O o o o o o CD CD CD CD CD o o o o
1—1 1—’ I— 1— 1—■ i—■ I—■ y—1 h - l—1 h-' 1—. h—J 1—1
o o o O o o o a CD o o o CD CD o o o o o O O CD CD O CD CD CD o CD o CD O CD CD o CD O oo o o o o o CD CD CD CD CD CD O o CD
1— 1—• i—* 1—1 h— 1— i—■ i—■ h-1 i—1 1—' i—1 i—■ i—1 i—‘






























































o O o CD o o o CD O o o CD o CD oo o o O CD CD CD o O CD CD o CD o o o o o CD o CD o CD CD O CD o CD o CD CD CD CD o CD CD o CD o
<—1 <—I 1—I •—H r—■f <--4 —I >—I <—i r-H <—I ---1 t—i —I
o o o O O o O CD o o CD CD o o oo o o o CD CD O o CD o O o O o o o o CD O o O CD O CD CD CD o CD CD CD o CD o CD CD O o CD o
rH •—1 i—H i—i 1---1 '---I «—i —1 ■—l 1—1 rH '—i i—H r—H —i
o o O o CD o o O CD o o CD CD CD CD o oo o o o o CD O CD o o o O O LPl lA o CD O CD o CD CD O CD o CD CD CD CD O CD CD CD CD LA LA CD o CD
r-H r-H '—1 *—H «—i o O •—1 —I <—1 ■—i r-H r-H —I CD CD 1
o o o CD CD o O CD o o CD CD CD CD oo o o o o CD CD CD CD CD o O CD o O CD O o O o CD o CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD o CD
i—H *-1 •—I —I <—l i---1 >—I i—H «—i r-H <—i —I —i r-H
o a * rA CD rA rA o O o O O o o CD CD CD CD CD CDo o ND rA o O O O ND rA rA ND O LA LA O o A A o CD o CD CD o CD o CD A - A * LA LA CD CD CD CD CD LA LA• • • • • • • • • • • • • •
1“  ’1 o O <—I o CD CD o CD O CD C ) —i <—H >—i o o r-H «—H CD CD
o o CD o CD CD CD o CD CD o o o CDo o o o o CD O O CD CD CD o CD O CA CD o CD o o O CD CD CD o CD CD CD O O CD o CD CD CD CD CD O CD
' ■ i •—1 < i 1 •—1 CD o •—i —1 <-4 ■“ H r-H —1 —I < 1 <—H
o CD o o O CD CN LA rA CD CD o CD CD CD CD CD oo o o o o O o O o O LA LA O <—I CO O o CD o CD CD CD CD CD CD CD O CD o A - CD o CD CD CD CD CD LA LA• • • • • « • • • • • • • • • • ,
r-H 1—I rH o CD o o CD ■ i r—} •—H r-H r-H r-H r—H CD O
o o CD o CD O o O CD o CD o CD CD CDo o o o o CD o O o O o CD o o CD O CD CD o o o CD CD CD CD CD CD CD CD CD o o CD CD CD CD CD CD O
r—1 *—H >—I <—1 1 ■—I r—t r—H «—H <—f <—H rH r-H r-H i—H
o o o o o o o CD CD CD o CD CD CD CDo o o o o CD o CD o CD o o o o CD CD CD CD CD o O CD CD CD O CD CD CD CD CD o CD CD O CD CD CD CD CD
>—{ r-H 1—1 ■—\ <—H r—H i—t •---1 <—j r-H i—H <—i r-H •—i i—i
o o o o o CD o CD o o CD o CD CD CD CD CD Oo o LA LA o O o CD LA LA o o o CD O O O CD CD CD LA CD LA CD o CD CD CD CD CD o CD CD CD CD O CD o CD• • • • • • • • • • • • • • « v •
«—H o CD *—H o O '—1 >—) <—I o CD r-H <—H r-H '—1 —I —1
o o o o o o CD o o CD o O o O CD CDo o o O o O CD CD o o o o o o CD O A LA O CD CD CD O CD CD CD o CD O o o o o CD CD o CD CD CD• • • • • • • • • • • • • • #
r—f <—H i—H l-H o CD •---1 <—) r-H r-H <-H r-H i—I <—f
co JD CO JD o CO jz> O CO JD ro JD CO JD O CO JD a CO JD CO JD CO JD CO JD CO JD CD1 1 1 1 1 1 i 1 1 1 i 1 ro JD a TD 1 1 1 1 1 i 1 1 1 1 1 1 I 1 1 1 11---1 r—H CN CN CN rA A rA ■—1 —H i t 1 1 <—1 «—I »—i i—H CN CN CN rA fA •—1 r-H r—H CN CN rA fA r-H r-H CN CN CN CO JDJ I JD _c JZ JZ JD JZ JD JD JD CL Q . •rH •rH •H *1—I XD TD XD TD “O TD TD TD TD I •rH •rH •rH •—H •rH •H E E E E E 1 1



































o o o o o o o A A ON r—H A r - CD CD o Oo o o o o o o o o o o o o o o O A A A A O CD CD CD CD CD O O CD o CD CD• • • • • • • • • • CD « o • • • • •
r- --- 1 r—H r—— 1 r 1 1— 1 r-H r—H O O O CD CD O CD o r---1 r~H r—H r—H
o o o o o o o VO •cT VO CD o o CD CD CDo o o o o o o o o o o o o o o O o Ov CD CD ON o CD CD CD o o CD o O CD CD o CD O CD CD CD• • • • • • • • • • • • • • • • a
r—1 ^H — r-H 1—1 --- 1 r-H o CD o o r—H r—H r—H r—H r—H
o o o o o CD CD o o CD o o CD o oo o o o o CD o o o o o o CD o CD O o CD o CD CD CD CD CD O o CD CD o O O O o o O CD CD CD
r---1 1—I r—H 1—H 1—1 —1 r—H r—H r—H r—H 1---1 r-H r—H 1—1 r—H
o o o o o o o CD o o o o CD o oo o o o o o o o o o CD o o o o o CD CD o CD CD CD CD CD O o CD CD CD O O CD o CD CD O o CD
«—1 r—H r—H 1—1 r-H —1 r-H r—H r—H r—H r—H t—i r—H r—H
o o o o o CD O CM CO A A A CD A CD o oo o o o o o o o o o o o CD o o o A O CD ON CD A VO CD O CD CD r-H CO CD CD CD o CD O o CD• • • • • • • • • • • • • • • • • • a
■—1 <—4 r-H r—H r*H r-H o o CD O O CD r—H CD o i—i r—H r-H
o o o o o o CD o CO CM CD o CD CD CD CDo o o o o o o o o o o CD o o CD o o o CD O ON CD CD CD CD o O CD CD CD O CD CD CD CD CD O CD• • • • • • • • • • • • • •
r—H r—H ---1 1—1 r-H r—1 i—i r—H o o r—H r—H r—H r—H r—H r—H
o o o o o o O o CD O O CD CD o oo o o o o o o o o o o o o CD o CD o CD CD o o CD o CD O o O CD O o CD CD CD o CD O o CD
<—I r——1 r-H 1—1 1—1 1---1 '—1 <—i r—H r—H r—H r—H r—H
o o o o o o o CD CD CD CD CD o o CDo o o o o o o o o o o CD o CD CD O □ CD O CD o CD CD CD CD o O CD O o CD CD CD o CD CD O CD
r-H r—H 1—1 r—1 '—I r-H r—H r-H r-H r—H r---1 r—H ----1 1—1 i—i
o o o o o o CD CD o CD o O o CD CDo o o o o o o o o o o CD o CD CD O o CD o CD o CD o CD CD CD O CD CD CD CD CD O O CD CD CD CD
'—1 i—! r—H r—H r—H <—4 <—H r—H r—H ■—l r-H r 1 r—H r—H r—H
o o o o o CD O o CD CD O CD o CD oo o o o o o o o o o O CD CD CD o O o CD CD CD o CD CD CD CD o CD CD O CD o CD o CD CD CD CD CD* • • • • • • • • • • • • • a
l~ 1 1—1 r—H r—H r—H r-H r-H r-H r—H r—H r-H r“ H r—H r-H r—H
o o o o o o o t^ - A CM co CD CD CD CD CD CDo o o o o o o o o o o CD o CD o O r-H 00 ON CD o CD CD o CD o O CD o CD O CD o O CD O CD CD• • • • • • • • • • • • • • • s a
r—H r—1 1— 1 •— i i—H r-H r-H o CD o o ,-H - --1 r—H r—H ----1 r—H
jd CO JD CJ JD co _o CO JD CJ CO JD CO JD CO JD CO JD CO JDi 1 1 1 1 1 1 1 1 1 1 1 (0 <4- 1 1 1 1 1 \ 1 1 CO JD CJ (0 JD CJ•-H CM CM CM CM A A c f A A r-H r-H A A 1 1 CO JD CJ JD r—H r-H CM CM CM A A A 1 1 1 1 1 1o o o o o o o o o o o o _c _c _C JZ A A 1 1 1 1 CO CO CO •H CO CO CO CO (0 CO a a a +-> 4-> 4->





































o o o PA r^ CD O CD O CM 00o o On •—H CD O co <—H On r*H O o o ON 0 O• • • • • • • • • • •
•—H o o CO o o CD O i—H o 0
o o o O o o
o o o o CD CD o o O o O CD o o 0 CD
r—H r-H r—l —( r—H r-H
o o o o O 0
o o o o CD CD o CD o o o o o CD 0 CD• ft • ft • •
I—H >—H i—H r-H i—H ■—1
o o o o o 0
o o o o CD CD o CD o o o o o O 0 CD• • • • • •
r—H r-H r~H 1 •-—I 1—1
o O o o r- ' CA On r—H
o o o o O CD o CD o o r - ' CN o CM A- CD• • • • • • • •
r—H •—H r-H >—H o O O O
o o O o o o O
o o o o CD CD o CD o o oo CN o o O CD• • • • • • •
I—f •—H * 1 —1 a CD «—H
o o o o CD o
o o o o CD CD o CD o o o CD o CD O CD
• • • • • •
■—! r-H r-H --1 i—l i—H
o o o o CD O
o o o o CD CD o CD o o o CD o CD O CD• • ft • • •
1—1 r—H r-H >—H r-H r-H
o CD o o CD O
o o CD o CD CD o CD o o o CD o CD O CD• • • • • •
1--1 r-H r—H r-H i—H i—H
o o CD o o O
o o o o CD CD CD CD o o o o o CD CD CD• • • • • •
1—1 •—H i—H r—H i—H r-H
o o o o r - ' PA CD
o o o o CD CD o CD o o <—I CO o O CD CD• • • • • • •
■--1 r-H r—H —1 o O r-H
03 JD 03 JD a 03 JD a 03 n 03 JD
1 1 1 1 1 1 1 1 » i 1 1 CD CT O JD1—1 I--1 CM CM CM PA PA PA ■—1 r-H 1 1 1 1
j z JD JZ JZ JZ JZ JZ JZ JZ jd Q . a . •rH •r-H • H •iH
TD ■a TD T 3 ID TO JD JD T 3 c t CD CD Q . a Q . CLt-H n !—1 i—l i—l i—1 i—I «—l i—i HH _ l _ i :> 2 : 21
PA ON CO O O O O O O VO CDPA r—H O CD O O 0 O O O O O O 0 O O O O LA CD O• • • • • • • • • • •
O 0 O i—H i—H 1--1 r—H r-H CD CD i—H
V0 O CD O O O O ON i—H CDOn 0 O O O O O 0 CD O O O O O 0 O O CD O O ON CD CD• • • • • • • ft • •
O O i—H 1—f i—H r-H r-H r—H 0 O i—H
0 0 0 0 O O O O OCD 0 O O 0 O O 0 0 O 0 O O O 0 O O CD O 0 O O O• • • • • • ft • •
I—1 r—H i—H r-H i—H 1-- --1 i—H i—H
0 O 0 0 0 CD O CD CD
CD 0 CD O CD O O 0 0 O 0 O 0 O 0 CD a CD O CD CD CD a• • • • • • • • •
1—1 i—H i—H i—H r—H i—H —1 i—H —I
PA r - PA 1 - 0 CM CO 0 0 0 CN CO 0PA VO CD O LA O 0 0 LA O 0 O 0 0 0 CD O VO PA 0 0• • • • • • • • • ■ • • •
CD O 0 O i—H O O i—H ■-H r-H O CD r—H
<T NO 0 CD CD O O CD CO CM 0
On CD CD O 0 O O 0 CD O CD O O O 0 O CD CD O 0 ON CD O• • • « • • • ft • •
O CD r-H r—H i—H _H i—H i—H CD 0 i—H
CD O 0 O O 0 O CD 0
CD CD CD O O CD O 0 0 O O O O O 0 0 O CD CD CD 0 0 CD• « • • ft • • • •
i—H r—H 1—I i—H i—H i—H r-H i—H i—H
CD O O 0 O 0 CD 0 CD
CD CD 0 O O CD O 0 CD O 0 O O 0 0 0 CD CD CD CD CD CD CD
1—1 --1 i—H r-H i—H i—H i—H i—H r—H
O CD O O CD CD O CD O
CD O 0 O O CD O 0 CD O O O CD 0 0 CD O CD CD CD 0 O CD• • • ■ • • • • •
i—H i—H •—l ■—1 i—H i—H i—H r-H i—H
0 0 0 0 0 0 0 0 O
CD 0 0 O O 0 O 0 0 O 0 O CD 0 0 0 0 CD CD CD 0 O CD• • • • • • • • •
i—H 1—I 1—1 i—H i—H i—H —1 ■—1 i—H
i—H On O 0 0 CD O O CD Or^ CM 0 O O O O 0 0 O 0 O CD CD 0 O O CD CD CD O O CD• • • • • • • • • •
0 CD r-H i—H i—H i—H 1—1 i—H 1—I r-H
03■ JD1 0| CD JD1 a1 CO1 JD1 CDI JD1 ?
03 JD■ CD JD O1

















TD TD TD TD T3 TD ■a TJ CT •r-H •rH •rH •rH CT •H i e E E E E 1 1
a CD CJ CD CD CD CD CT CD CT CD CD CTl CT) cn CT CT CT CT cn CD • r-H •H









































00 A r—H <—h A V0 —i A -er o o CT\ i—H OV r—H m On VO CN A On r—H 00 i—H i—H A ■—i vo CD CD CN •—I A A CNon O o on o 00 i—H —I CO o o CD On o ON O m vo A r-H <r CD A CM r^ CD CDON CD CD CD —i 00 CD CD ON a* • • * • • • • • • • • • ■ • • • • • • • • ■ ■ • • • • • .
o o o o o o CD O o o rH o o o CD o o o o o CD o CD o CDCD o CDo CD r-H CD o O CD CD CD o
o o o o o o a o o O O o CD CD oo o o o o o O o o o o o o o O o o CD CD CD O o CD o CDO CD CDCD CD CD CD o O CD CD O CD
I—1 r—H I—H ■—! i—H i—H i—H i—H rH i—H i—H r-H D •—I ■—I
o o o o o CD o CD O o vo CD o CD CDo o o o o o CD o o o o o CD o o o O O O O O CD o O vo A O CDCD O o CD o O CD O CD CD* • • • • • • • • « • • • •■—H '—1 i—H rH i—H —I i—H i—H i—H i—H CD o i—H i—H i—H i—H
o o o O o o o o vo ■—1m A ON i—H CD CD o CD oo CD o o o o O o o o o o o o CDo O o o On o CD O On 00 i—H CD CDO CD O CD CD A A o o CD• • • • • • • • • • • • • • • • • • • •'—1 I—} r—H i—H i—H i—H i—H r—H CDCD CD CD o o o r—H i—H CD O i—H
o o o o o o CD O O o o O o O CDo CDo o CD o O o o o o o O o CDo O CD CDO CD CD CD o o o O CDo O o CD O CDCD CDCDCD
’—1 1—1 l-H r—H i—H —I i—H i—H i—H i—H 1— —1 ’— i—H
o o o o o o CD o CD O CD CD CD CD CDo O o o o o CD CD o o o o o o O o O CD CDo O CD O CD CD O O CDO O O CD CDCDCD CDo CD• • • • • • • • • • • • » » •1—f ■—H r—H I—1 »—H i—H r—H r—H —I i—H i—H i—H i—H i—H i—H
o o o O o CD CD CD A A A r- CD o CD CD oo O o CD o o CD CD o o o o O o CDo O CD A o r^ CD r^ A O O CD CDCDO CD O CDCDCD o CD O* • • • ♦ • • • • • • • ■ • • •'—< 1—1 i—H i—H —1 i—H i—H i—H CD CD CD o i—H i—H i—H r—H i—H
o o o CD o o o O O CD O o CD o CDo O o o o o O O o o o o o o o o O CD O o CDCD O o O CD CD CDCDO O CD CDo CD CDCDCD• • • • • • • • • • • • • • 0
i—H 1—1 i—H i—H i—H i—H i—H i—H i—H i---1 i—H i—H —I i—H •—i
o o o o o o o CN CO CD CD o ON ■—1 o CD o CDo O o o o o O CD o o o o o o o o CO i—H CDo CDCD ON i—H 00 ■—l O CD o CD CDO CDCD CD CDCDCD
• • • • • • • • • • • • * • ■ • • •
I—1 I—H ---1 r—H i—H i—H r—H CDo i—H o o o O i—H -—1 i—H i—H
-Q CO _Q a TD CO _o CO -Q o CO JD (0 JD CO ID CO ID CO ID
1 f 1 1 1 I 1 1 1 1 1 1 if) <4- 1 1 1 1 1 I 1 1 (0 JD (J CO JD CDCN CN CN CN A A <T < r A in r—H i—H m m \ 1 CO ID O TD i—H 1—1 CN CM CM A A m 1 I 1 1 1 1o O O o O O O o o o O o JD _ c JD JD A A 1 1 1 1 CO CO CO CO CO CO CO CO CO ct) CL Q . CL 4—> H-> 4Ho O O o o o <_> <J u o a o TD TD TD TD E E a a a a •rH •rH •rH •rH •rH •tH •rH •H •iH •rH C C C O O Oct ct ct C t ct c t ct C t ct c t ct a: cl CO ct CO ct ct ct ct ct ct o CD CDO TD a o TD Q a Ll ) Ll I LU CD CD CD
Ho rA CN <—H
(D o o on o O O CO ■—1
cn • • • • «






rA o o o o O O o o
vt) • • •
1---1 i—H 1—1
TD o o o
CD CN o o o o a CD o o
D VO • • •
C ■——I i—H r—H
•rH
4->
c  c o CN cn o
o  o •—i o o CN o O o o
O -H VO • • •
V—' { /) I---1 o o <—?
if)
(D
i~h a o o o
f-H a o o o o o o O o o
*—i cr VO • • •
1 1 r—H r -H
c
X  CO
I-H CD o O o
O M ON o o o o o O o o
^  O LTV • •
LlJ X r—H r—H i-H
CL
CL
ct o o o
0 0 o o o o o O o o
cn • • •
•—H f—H I---1
o o o
o o o o o O o o
LA • ■ •
r—H r—H r—1
o rA r^ - rA
VO o o Qv o o CD CT\ o
LA • • •
>1 1 o o o o
CO1 JD1 CO1 JD■ 01 ro1 JD1 o1
r—H
1







JZ j z JZ JZ JZ JZ JZ JZ
■ a TD TD TD TD TD TD u
i—i i—l i—I I—1i—( 1—1l—Hl-H
r A O o CN r—H CN r A ON 0 0 O CN
C \ o CN c o CD LA O r—H v o r—H CD CO r—H O
• • • • • • • • • • • • • • •
o o CD CD CD Q O o O o O o CD o o
o o CD o CD
o CD O O O O o o o o CD o O O o
• • • • •
<—H ■---1 r-H •---1 r—H
CD CD o o o
o CD O O O O CD o o CD o o O o o
r—H i~ 1 r—H r—H r—H
CN c o CD P"- rA o NO
r ^ CN O O CD — 1 CO CD o o o o O n o CD
d CD r—H CD o r—H O CD
o o o o O
o CD CD o O CD o O cd o o CD O CD O
»—H 1---1 r—H r----1 i—i
o o O o CD
o O O o O CD CD CD o o CD O CD O O
1---1 •—1 1—4 r—H 1---1
o ON LA CD LA L A CD
a O LA CD CD CD CD CN CD CD O O CD
• • • • • • •
•—1 o o r-H CD o *-H
CD o CD O o
O CD o o CD CD o CD O CD O O o CD O
r—H r—H ----1 r-H r—H
rA I '- ' o O o O rA o
ON O o CD O O n r—H CD r—H r—H r ^ CD o O O
• • • • • • • • •
O o «— 1 CD o o O o r--- 1
CO JD ca JD CO -Q a CO JD CJ
1 1 i 1 03 JD CJ TD 1 1 i 1 1 1
'd ' 'd - r—H •—1 1 1 1 1 r—H r-H r—H r-H CN CN CN
JZ JZ a . CL •r-H •r-H •r-H •r-H TD TD TD TD TD TD TD
TD TD co CO o . a Q . CL c n CT CT c n c n c n c n
i—\ i—l _ j _J 21 21 2 : CL CL CL a . CL CL CL
o O < r C N L A L A C N C O 0 0 C N L A O N vo L A L A
o C D o O N O < T L A o O N O N o CD v o C N O n CD
• • • • • • • • • • • • • « • •
o * — i CD o CD o CD CD CD o o O o O o O
o o CD CD CD o CD
CD o O CD O o O CD CD CD o CD o CD O CD
« • • • • • •
r -H •—I r—H r—H r-H i—H r—H
o o CD o CD o o
CD CD O CD O CD CD CD CD CD CD O o O o O
• • • « • • •
r—H r—H r—H r—H i—H r—H r—H
O O o o o vo CD
O o O CD O O o CD o o o CD ON CD CD CD
• • • • • • ■ •
r“ H i—H i—H i—H 1—1 o CD r—H
CD CD CD o o o o
O O O CD o o O O o o o O o CD CD CD
• • • • • • •
*——f r—H i—H r—H r-H I—1 r -H
o O o CD o O CD
O o O o o o o o O o CD CD O CD O O
r—H r—H •—1 i—H 1---1 r—H
o CD o CD CD rA rA o
O o CD CD o CD o CD CD CD O LA o o CD
r—H r—H r—H r—H —H CD O o r—H
o O o CD CD O o
O CD O o o O o O CD CD CD O CD o o O
• • ■ • • • •
r—H r-H i—H i— I r—H r—H r— I
O rA o o CD rA r ^ o
O o CD ON CD CD o O o O CD O ON CD CD o








































TD TD ■r-H •H •t-H •r-H *r-H •rH • rH E E E E E f 1
CT CT cn CT CT CJ CT CT a cn CT cn c n cn • r H ■rH






































o o m O O O CM co o On r -H o CD O O r—H ON CM CD CO o m n LA o O O o ON r—H ON o o oo m o vo O O CD CM r- o co r—H o O O O CO r—H n CM CM CD in CM o O CD o CO r—H CM V0 CD O O O• • • • • • • • • • • • • • • • • • • • • « ■ • • • » • • • a a a a a a
r—H o o o CD r—H O CD o O o o r—H O r—H o CD CD CD CD o CD o o CD O CD O r—H o o o CD CD o CD r— fCD
o co CM CD CM 00 o CD O CO CM CO co vo 00 CM CD CD O CD CDo o in O O o vo <D o o CD o o CD V0 m CD O CD On CM r- CD o CD o O CD V0 o O O CD• • • • • • • • • • • • • • • • • • « S a a
I—H o o — I CD o r—H r—H r—H CD o o CD o CD O o CD r—H r-H o o r—H
o o O O o (D o o V0 o CD vo O o o o V0 oo o o o O CD CD CM 00 CD CD CD o CD o CD ON CD O \0 O ON o CD o CD CD CD o o CD CM m CD CD CD• • • • • • • • • • • • • • • • ( a a a a
<— 1 r—H r-H CD o r—H r-H — 1 o CD o CD o o r -H r—H i—H o CD CD r—H
o o o o o CD O o VO CD CD o o o CD o VO oo o VO O o CD o o CD CD O o CD o CD V0 rA CO CD CM a On r—H CD o CD o CD CD o O CM r^ CD o CD
■---- 1 o O r—H r—H r—H r—H r—H *r J O CD O O CD r—H r—H r—H O CD
o m r^ O m r^- o CD o o CO CO vo o CD o CD r—H On oo o LA O o O <r in CD o CD O CD o CD o CD CM CM o CO r—H O o O o O O CD CD vo CM CD o CD
• • • • • • • • • • • • • • • • • a a a a a
r—H o CD — 1 o o r—H i r—H r—H CD o o o o r—H r—H ----1 o o CD r -H
o o o o CD o O CD o o CD CD CD o oo o o CD O o CD o o CD o CD o CD O CD o CD CD o o CD o o O CD CD o CD O CD CD o o O CD o CD
r -H r—H ^ -1 r—H r—H r-H r—H r—H r—H r—H r—H r—H r—H i—H r—H
o O o o o CD CD CD O CD O o o CD oo o o O o o O o o O CD o O CD CD CD CD o O o o CD CD o CD o O o o O O CD CD CD CD O CD CD
r—H r-H r—H r—H r—H r—H r-H r-H r—H ---- 1 i— 1 r-H r—H •---- r—H
o o o CD CD O O O o o o o o O oo o o o o o CD o CD O CD CD o CD o CD o CD o CD o o CD CD O o O o o CD o O CD O O o o CD
r—H r—H i—H r—H r—H — t r—H r—H r—H r—H r—H r—H r—H r—H r—H
o o o o O CD o o O a o o o o CD
o o CD o o o CD o CD O o CD O O o CD CD O o O CD CD o o O o CD CD o CD o O CD o CD o O CD
• • • • • • • • • • « • • a a
r—H r—H r---- 1 r—H r—H r—H r-H -----1 r—H i— j r—H r—H 1— 1 r—H r—H
o o O o CD o CD o CD o O CD o o oo o CD o CD O O o o O CD O CD O O CD CD O a O CD CD CD CD O o CD CD O CD o o CD CD CD o CD CD
• • • • • • • • • • • • a a a
r—H r-H r—H r—H r—H r—H r—H r—H r—H r—H r—H •— I r—H r—H r—H
JD 03 JD CJ TD 03 JD CD j d CJ CD JD CO JD CO JD CO JD 03 JD
1 i 1 1 1 1 1 1 i 1 1 1 to 0 — 1 1 1 1 1 1 1 1 CO JD CJ CO JD CJ
r—H CM CM CM CM K N m -cr < t m n r—H r -H 1 1 OJ JD a TD r—H r—H CM CM CM m m m 1 1 1 1 1 1
o O O O O O o O o O o o JZ JZ _ c n m m i 1 i 1 03 CO CO CO CO 03 CO 03 CO CO d d d +-> H~> -P





























cn O o CN CN a 00 00 r-* rA rA CN •—ia- 0 co ON 00 VO 0 O O
cn o o CO r—1O i— ih- O CO r—H rA VO r—H vo CN 0 0 VO 1— iO 0 O O• • • • • • • • • • • • • • • • • • • • • • •
CD o r—H o o o o o o o o o CD o o 0 O O O 0 O i—H O O
>
cn
o vo a 00 vo vo vo a vo a CD 0 vo O
o\ o o o\ o o CN vo o CTv o vo rA o V0 O rA VO 0 O O O O• • • • • » • • • • • • • • •
r— 1 o o o o o o o o o o 0 0 O i—H
o o a VO o o o a o VO -si CN a O
co o o o O o o a LA o o CM 00 CD LA -si O 0 CN O O O O
• • • » • • • • • • • • • •
r—H r-H o o i—H o CD CD CD O 0 0 0 r—H
o vo a CN CO VO -si a VO a VO CO VO a CN O
o o CO o r—H o 0\ o CO i—H r-H CO CD CO i—H O i—H CN CN O O O• • • • • • • • • • • • • • • •
'—1 o o o o o o o CD o O 0 0 O O i—H
o o o o CD rA a CO O CO Ovo o o o o o o o o o o o O CD lA a O 1—H <3* •H CN O O O• • • • • • • • • • • •
I—1 i—H i—H I—I r—H o 0 O 0 O 0 ■—1
o o o o o 0 0 Oto o o o o o o o o o o o o O o 0 O O 0 O 0 O O O• • • • • • • •
i—H •—1 i—H i—H r—H r—H rH i—H
o o o CD O O O 0
a o o o o o o o o CD o o o O o O O O O O 0 0 O O• • • • • • • •
r—H i—H i—H r—H i—H i—H i—H i—H
o o o o o o O O
rA o o o o o o o o O o o o o o O O O O O 0 O O O• • • « • • • •
i—H r-H i—H r—H r—H i—H i—H r-H
o o o o o o O O
CN o o o o o o o o o o o o CD o O O O O O 0 O O O• • • • • • • •
r—H —1 i—H i—H i—H r—H r—H 1--1
o o o o o o O Or—H o o o o o CD o O o o o CD O CD O O O O O 0 O O O• • • • • • • •
I—H r-H i—H I—I r-H i—H i—H i—H
cn a cn a L) cn a CJ cn a cn a cn a O cn a CD
i i i 1 1 i i 1 i i i i cn a O a 1 1 1 1 1 1
i—H i—H CN CN CN rA tA rA a a ■— ii—H i i 1 1 r—H •— 1 r—H 1—1 CN CN CNJC a a a a a a a a a a a •H •rH •H •rH TO a "O a a a a
TD TD TD a TD a a a a a cn cn a a a a CT a CT a CTCT CTHH i—l i—l i—i t-H i—i f—i l—H i—i »—i a a 2: 2: CL Q_ CL a 0_ CL CL
i—H Ov O O O IA
i—H CO 0 O O CN
• • • • • • •
0 0 0 - --1 O 0 O
0 O 0 O
0 0 0 O O 00 CN
• • • •
i—H r—H 0 O
0 O vo
0 0 0 O O CN• • • •
i—H i—H 0 O
O O vo a
0 O 0 O O rA VO
• • • •
i—H i—H O 0
O O rA
0 O 0 O O VO rA
• • • •
i—H 1—1 O 0
O 0 O
















0 O 0 O O O O
• • •
i—H i—H rH







i—H i—H CN CN
a a •i-l •H •rH •H • H
o i CT CT CT CTCT
CL CL Q_ CL a CL Q.
O O CN CO 0 Ov ■— 1 0 0
O O CO i—H 0 CN 0 0
• • • • • • • ■ •
O i—H O 0 0 0 0 i—H O
O V0 a vo < i 0
O O ov 0 O LA 0 0
i—H 0 0 0 0 i—H
0 0 CO CM O
O 0 0 0 O CM O 0
i—H 0 O i—H
0 CN CO CN CO 0
O 0 CO i—H O ov O 0 0
i—H O 0 O O i—H
O CN co vo -sr O
O O VO rA O CO ■—1 O 0
i—H O O O 0 •—1
0 O O 0
O 0 O O O O 0 0 0
i—H i—H i—H i—H
0 0 0 0
O 0 0 O O O 0 0 0
i—H i—H i—H i—H
O 0 O 0
O O 0 O O O 0 0 0
i—H i—H i—H i—H
O O O O
O O O O O O 0 O 0
i—H i—H r—H i—H
O O O 0
O O O O O O 0 0 0
^H i—H i—H i—H
CD







i—H CN CN CN cn a
• H • H e E E E E 1 1
CT CT CT CT CT CT CT • H •rH
CL CL CL CL CL CL CL t—
187
APPENDIX IV.
The c o r r e la t io n  c o e f f i c ie n t s  between p r o te in  genotypes and q u a n t i ta t iv e  t r a i t s  
o f  the fo u r  n a tu ra l  G. so/ja p o p u la t io n s  a long the K itakam i r i v e r ,  Japan.
c
Q u a n t i ta t iv e  t r a i t s
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^ Q u a n t i ta t iv e  t r a i t s :
1. Days between seed sown and ge rm ina tion
2. Number o f  branches o f  4-week o ld  p la n t
3. He igh t (cm) o f  4-week o ld  p la n t
4. Number o f  leave o f  5-week o ld  p la n t
5. Length (cm) o f  3-seed pod
6. Width (cm) o f  3-seed pod
7. 100 seed we igh t (g)
8. Len g th /w id th  o f  c e n t r a l  l e a f l e t
9. Len g th /w id th  o f  l a t e r a l  l e a f l e t
10. Pubescence d e n s ity  o f  le a f
11. Pubescence angle o f  le a f
12. Pubescence le n g th  o f  le a f
13. Number o f  nodules o f  6-week o ld  p la n t
14. T o ta l  dry we igh t o f  6-week o ld  p la n t
15. R o o t / t o ta l  dry  we igh t o f  6-week o ld  p la n t
16. Number o f  branches o f  6-week o ld  p la n t
* s ig n i f i c a n t  a t  5% le v e l
* *  s ig n i f i c a n t  a t  1% le v e l
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APPENDIX V
D is s im i l a r i t y  c o e f f i c ie n t  m a tr ices  o f  12 seed accessions 
(1) C o e f f ic ie n ts  m a tr ix  based on phe no log ica l data
K109 E4 K9 K7 K102 K28 K52 K101 K42 K31
E4 1.046
K9 2.529 2.591
K7 2.813 2.030 0.538
K102 1.773 2.577 0.507 0.957
K28 2.656 2.411 0.179 0.314 0.800
K52 2.238 2.644 0.318 0.725 0.166 0.560
K101 5.582 5.184 1.899 1.941 2.444 1.537 2.102
K42 3.151 3.675 0.923 1.063 0.618 1.114 0.863 2.939
K31 3.290 2.731 0.883 0.568 1.013 0.542 0.970 0.809 1.206
M 5.845 4.286 2.055 1.357 2.766 1.498 2.382 0.593 2.814 0.610
K113 7.181 6.119 2.104 2.051 2.968 1.760 2.713 1.132 2.507 1.125
(2) C o e f f ic ie n ts  m a tr ix  based on agronomic data
K109 E4 K9 K7 K102 K28 K52 K101 K42 K31
E4 2.024
K9 2.990 1.256
K7 3.278 1.620 0.334
K102 2.620 1.390 1.185 0.804
K28 3.089 1.845 0.331 0.379 1.232
K52 4.994 3.139 1.503 1.334 1.283 1.312
K101 6.579 3.540 2.070 2.081 2.409 1.552 1.780
K42 2.441 1.364 0.470 0.472 0.839 0.511 1.051 2.075
K31 5.152 3.351 1.178 1.313 1.881 0.950 0.575 1.638 0.974
M 2.719 2.845 1.812 2.324 2.800 1.496 3.234 2.775 2.022 2.524
K113 4.532 3.061 2.033 1.682 1.447 1.848 0.965 1.904 1.729 1.863
(3) C o e f f ic ie n ts  m a tr ix  based on m orpho log ica l data
K109 E4 K9 K7 K102 K28 K52 K101 K42 K31
E4 1.900
K9 2.754 2.766
K7 2.101 2.807 0.383
K102 2.285 3.231 0.650 0.740
K28 2.505 4.361 1.546 1.541 1.144
K52 3.136 3.621 1.797 1.436 2.002 2.934'
K101 3.711 3.238 0.984 1.456 1.962 2.109 1.355
K42 2.116 2.729 0.431 0.552 0.573 1.357 2.165 1.388
K31 4.077 3.773 0.613 0.985 1.463 2.029 1.083 0.659 1.492
M 2.349 3.541 0.978 0.978 1.185 1.144 2.994 1.850 0.722 2.022












K7 2.721 2.167 0.404
K102 2.279 2.378 0.813
K28 2.761 2.926 0.745
K52 3.599 3.192 1.311
K101 5.256 3.847 1.622
K42 2.501 2.462 0.571
K31 4.277 3.350 0.892
M 3.378 3.471 1.563
K113 4.312 4.139 2.115
on q u a n t i ta t i v e  data




1.812 2.252 1.756 1.704
0.653 0.684 0.980 1.418
1.001 1.504 1.248 0.865
1.576 2.190 1.365 2.927
1.797 2.040 1.843 2.337




2.085 1.864 2.220 1.453




K7 2.519 1.746 1.711
K102 1.750 0.731 1.067
K28 2.045 0.882 1.535
K52 1.841 0.990 1.709
K101 2.436 1.274 1.731
K42 1.433 0.663 1.659
K31 2.858 1.390 1.456
M 3.297 2.135 2.055
K113 3.153 2.154 1.891




2.485 2.005 1.999 2.264
2.409 1.394 1.153 1.147
2.565 1.799 1.759 2.308
2.878 2.866 2.373 2.846
2.708 2.578 2.310 2.475




2.807 2.538 2.755 2.821




K7 0.364 0.255 0.218
K102 0.255 0.109 0.218
K28 0.327 0.145 0.291
K52 0.255 0.145 0.291
K101 0.327 0.182 0.291
K42 0.236 0.127 0.345
K31 0.418 0.200 0.236
M 0.473 0.327 0.327
K113 0.436 0.327 0.255
on p ro te in  data (b in a ry




0.327 0.291 0.291 0.327
0.382 0.236 0.200 0.164
0.345 0.273 0.273 0.345
0.364 0.436 0.364 0.400






0.364 0.382 0.382 0.327
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APPENDIX V I
The d i s s i m i l a r i t y  c o e f f i c i e n t  m a t r i c e s  o f  t h e  f o u r  n a t u r a l  
_G. so/i a p o p u l a t i o n s  a l o n g  t h e  K i t a k a m i  r i v e r ,  J a p a n .
( 1 )  C o e f f i c i e n t  m a t r i x  b as ed  on p r o t e i n  ( n u m e r i c  f o r m )  d a t a
p o p u l a t i o n  G S K
S 1 . 5 3 9
K 1 . 4 5 5  2 . 2 8 7
I  2 . 0 2 7  2 . 5 8 9  2 . 1 0 3
( 2 )  C o e f f i c i e n t  m a t r i x  b as e d  on p r o t e i n  ( b i n a r y  f o r m )  d a t a
p o p u l a t i o n
S 0 . 5 0 0
K 0 . 5 0 0  0 . 5 0 0
I  0 . 6 2 5  0 . 5 0 0  0 . 6 2 5
( 3 )  C o e f f i c i e n t  m a t r i x  bas ed  on q u a n t i t a t i v e  d a t a
p o p u l a t i o n
S 1 . 6 4 4
K 2 . 4 3 9  1 . 7 1 7
I  2 . 0 5 1  1 . 7 5 7  2 . 3 9 1
